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INTRODUCTION 
The goal of this study is to provide a contribution to the know­
ledge for solving an actual problem relevant to the development of agri­
culture in Israel. Since the establishment of the independent State of 
Israel (19U0) this country has rapidly increased its population and 
developed its economy. The extent of growth as related to agriculture 
may be illustrated by the following data. 
In years 19U&-1957 the population increased from 679,000 to 
2,031,072 or by 131 percent (32, p. 37), the cultivated land area in­
creased by j2 percent (30, p. l4i5), the irrigates-land area increased by 
300 percent (30, p. 53) and the value of agricultural production at 19ii9 
prices rose from Wi millions I.L.^ to 13o millions 1.1. or by 211 percent 
. (30, p. 5U). 
Maintaining the rate of development as reflected by the above data, 
implies the introduction of elements of central planning and coordination. 
On the part of the agricultural sector the major problems were and are 
concerned with the development and proper allocation of the agricultural 
resources. More specifically, given the state of technology and the agri­
culture resources available at present or envisaged for the future the 
question arises: what should the national agricultural product and the 
allocation of the resources be on the aggregate national level? 
The problem of optimal product and allocation of resources when 
delevated from the macro level to the level of the farm, raises the ques-
^I.L. (Israeli lirah) = $0.56. 
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tion of what types of farming should be developed. This is the concern of 
this study. 
The dominant type of family farm in Israel is the mixed farm based 
mainly upon dairy husbandry. According to the Census of Agriculture of 
Israel of 1950 (29), 60 percent of the established family farms were mixed 
farms and 1*0 percent raised milk cows. A 195U research study on well 
established family farms showed that in 69 percent of the sample farms, 
dairy livestock was raised (36). 
The mixed dairy farm produces mainly input intensive perishables and 
is thus adapted to the local conditions, where land and water are limiting 
factors. The characteristic features of mixed dairy farming are: a 
small area of irrigated land, diversification of enterprises, intensive 
cultivation of land and intensive methods of animal husbandry. The live­
stock products (mainly dairy and poultry) contribute a considerable share 
to the farm output. Further details regarding the main features of the 
conventional types of well established family farms are presented in Table 
3d in the Appendix. 
In the planning of the large settlement which developed after the 
establishment of the State of Israel, mixed dairy farming was adopted as 
the dominant type of farming. The typical plan comprised 2o-i*0 dunams^ 
of cultivable land, of which 3-5 dunams were for orchards, 3 milking 
cows, and poultry. 
In 1953 the possibility of further agricultural development based 
upon the above type of plan was questioned by some agricultural economists 
•k)ne dunam = 0.25 acre. 
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(35, 56). The main points of their criticisms were: 
(a) Excess development of the dairy industry on the newly established, 
farms would lead to a surplus of milk supply and subsequent price 
crisis. 
(b) The expansion of livestock production in general draws heavily 
on the balance of payments of the country because most of the 
concentrates for feeding are imported. 
(c) Feeding livestock with locally produced feeds from plant origin 
involves a loss of approximately tiO percent of their caloric 
value. Foods produced directly for human consumption may be much 
better utilized. 
On the whole it was claimed that the production and the consumption 
of livestock foods rich in proteins should be decreased and hitherto im­
ported staple crops should be produced instead. From the point of view of 
the improving balance of payments of the country it was regarded as desir­
able to increase the production of grain, oil, sugar and fibre crops. 
As a transition from the above described production policies on the 
i 
national level to new policies on the farm level, it was suggested that a 
new type of farming be established, namely the field crop farm. The sug­
gested plan was 1*0 tiunams of irrigated land bearing mainly grain crops, 
cotton, peanut and sugar beet crops, with no livestock on the farm. 
Since 1953, the Department of Settlement of the Jewish Agency, which 
is in charge of the new settlement project, started to establish field crop 
farms. Nearly 70 percent of the farms established in years 1953-1955 were 
of the field crop type (lb, p. 25). Being developed gradually, the field 
k 
crop farms are still far away from the stage of their final development as 
stated in the plans. However, there is some evidence that among farmers 
of the field crop farms there is a tendency to shift to daizy production, 
which appears as more profitable under the prevailing conditions. 
The pattern of establishment and administration of the new farms by 
the Department of Settlement, provides the Department with some degree of 
control over the type of farming only throughout the first farming period, 
which lasts about 5-b years. 
The Department designs the plans of the new farms and provides them 
gradually with most of the initial capital under conditions of convenient 
long term loans.^ The farms are being developed gradually, with the rate 
of development depending on the progress of regional irrigation projects, 
the funds at the disposition of the Department of Settlement and on the 
managerial ability of the settlers. 
During this first period of development the new farms are guided, 
both financially and in terms of professional extension, by the officials 
of the Department. As a consequence of the educational and financial de­
pendence of the farmers on the Department, the latter has a considerable 
degree of influence on the trends of production of the new farms, even 
though there does not exist any formal obligation on the part of the farmers 
to follow the instructions of the Department. However, as soon as the 
farmers receive their final allotments of settlement loans from the Depart­
ment, being exempted from external influences, they tend to make decisions 
^More details about new settlement may be found in Halperin and 
Yaron (lb). 
\ / 
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by themselves in terms of maximizing utility. 
The subject of this dissertation may be regarded as a subset of one 
of the major problems of Israeli agriculture at present: The conventional 
types of farming have proved to be profitable. Also it is hardly possible 
to claim that in Israel there is general overproduction in agriculture, 
and the expansion of the agricultural sector seems fully justified. How­
ever, further expansion of some of the agricultural industries may cri­
tically affect both the new and the old farms. The problem is which farm­
ing enterprises and what combination of them (i.e., what types of farming) 
should be developed so that: 
(a) The profitability of the existing farms will not significantly 
decrease. 
(b ) The farms of the new types will be as profitable as the old 
farms, the managerial ability of the farmers in the two groups 
being equal. 
Referring back to the specific problem of evaluation of field crop 
farming versus the conventional dairy farming, it is obvious that the 
field crop farming meets the first requirement; namely, that the profit­
ability of the existing farms should not decrease. Therefore the burden 
of the analysis lies on the second requirement and certain questions must 
be answered. Can field crop farming be considered as an equally profit­
able substitute for dairy farming under the prevailing conditions? If not, 
what steps should be taken by the policy makers to this goal? Are the 
required policy measures feasible and consistent with other goals of 
agricultural development? 
6 
The study has been confined to one region, namely, the North Western 
Negev (in the south of Israel) and in this sense the analysis is partial. 
For more complete inference on country-wide basis either deduction from 
this study may be applied or similar studies should be repeated for other 
regions. 
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THE APPROACH, OBJECTIVES AND PROCEDURES 
A Note on the Economic Model 
Empirical investigation of an economic problem implies in general the 
setting up of a theoretical model as a framework for analysis. The model-
reflection of and abstraction from reality-being asserted on clear assump­
tions and strictly defined variables, is helpful in the formulation of the 
structural relationships between the variables. Once the structural rela­
tionships between the variables has been established the model becomes a 
capable analytical instrument accessible either to logically, verbally or 
mathematically rigorous treatment. The conclusions derived from the anal­
ysis based on the relationships of the model, are transformed and referred 
back to the real world. The degree of reliability of the analysis depends 
on the degree of similarity between the nature of the relationships between 
the variables assumed in the model and the "true" relations which exist. 
The economic model followed in this study is the model known as the 
( static ) theory of the firm. The model conceives the firm as a decision­
making unit which uses scarce resources in a rational way towards the 
goal of maximizing its profits. 
The economic model of the theory of the firm is a basic tool in 
microeconomic analysis and is widely known to economists. It may seem 
that presentation of this well-known theory can be hardly justified. How­
ever, there are some considerable shortcomings in the application of the 
theory of the firm to farm management studies. These shortcomings are 
particularly evident in a comparative evaluation of field crop versus 
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dairy farming. As will be shown later, many of the divergencies between 
the model of the theory of the firm and reality are much more relevant t-J 
dairy farming than to field crop fanning. Consequently, a summaiy review 
of these divergencies seems necessary. A detailed discussion will be 
avoided, however, in view of the general knowledge of the theory. 
The essence of the (static) theory of the firm summarized by Hicks 
(26) and Samuelson (Ui, pp. 57-09) is as follows: 
Regarding a pure-competitive firm as employing various quantities of 
inputs X^, Xg, ..., Xfc to produce various quantities of products X^j_, 
X%+2* •••# (k<n), the corresponding prices being p^, pg, •«-•» P%, 
Pk+1* ..., pn, the objective of the firm is to maximize its profit given 
by: 
n 
(2.1) IT = Z Pi%i 
i-1 
where the prices of the factors are considered as negative. 
The maximization of the profit is subject to the technological produc­
tion function: 
(2.2) f(X1# X2, ..., X%) = 0 
Forming ttie Lagrangean expression: 
U
'
3) F = Z PiXi - >f(Xx, X2, ..., V 
1=1 
and taking successively partial derivatives with respect to X^(i = 
1, 2, ..., n) and A , n plus one equations with (n + 1) unknowns are ob­
tained. Solution of these (n + 1) equations for the X^'s yields the optimal 
bundle of resources to be used (Xj_, Xg, ..., X%). 
Taking any two particular partial derivatives of expression 2.3, say, 
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with respect to X%. and Xg we obtain: 
(2J0 pr - A 
(2-5) Pa= 
The necessary conditions of equilibrium of the firm, for profit max­
imization, may be derived from 2.4 and 2.5 as follows: 
(a) Considering r and s as denoting two products and dividing 2.4 
by 2.5 we get: 
(2.6) Eï „ 
Ps T*r 
or, as stated verbally by Hicks (26, p. ti6): "The price ratio 
between any two products must equal the marginal rate of substi­
tution between the two products." 
(b) Considering r and s as denoting two factors and eliminating 
from 2.4 and 2.5 the factor-factor optimum relation becomes: 
(2
-
7) îr^-
-3% 
or, verbally (26, p. 56): "The price ratio between any two fac­
tors must equal their marginal rate of substitution.11 
(c) Considering s as denoting a product and r as denoting a factor, 
and dividing 2.4 by 2.5 the factor-product optimum relation is: 
(2,8J Ir~^ 
or (26, p. b6): "The price ratio between any factor and any 
product must equal the marginal rate of the transformation between 
10 
the factor and the product." 
Rirther, the stability conditions are these: For the transformation 
of a factor into a product, diminishing marginal rate of transformation 
should existj for product-product substitution increasing marginal rate of 
substitution is implied; for the substitution of one factor for another 
diminishing marginal rate of substitution is required. 
The limitations of the above "classical" formulation of the theory 
of the firm as applied to farm management studies have been discussed 
mainly along two lines: 
(a) The static theory of the firm oversimplifies the "true" rela­
tionships which exist in the real world because it neglects the 
dynamic aspects which are naturally knit into the environment of 
the firm. Neglecting considerations of time, problems of risk and 
uncertainty, expectations, motivations for investment and other 
dynamic phenomena, imposes limitations on the applicability of the 
theory of the firm to those empirical problems which cannot be 
successfully simplified and reduced to statics (14, 33, h6), 
(b) The assumption of profit maximization as the only criterion 
overlooks other goals relevant to the decisions of the farm man­
ager or the farm family (1*7, 22, pp. 1*16-1*35). 
The above shortcomings have been generally recognized by economists 
and consequently various amendments and modifications of the theory have 
been suggested. 
The first step towards systematic reformulation of the theory of the 
firm to dynamics is due to Hicks (26). % discounting future costs 
incomes Hicks reduces the dynamics of a firm to a framework compatible 
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with the static model. However, the Hicksian dynamics is not much beyond 
comparative statics; it does not concern process analysis and does not 
attempt to explain the process of growth of a firm. Also, he deals with 
uncertainty in an indefinite manner. 
Lange (39, pp. 29-31*) has given a more precise formulation to the 
problem of uncertainty and in particular has shown how to reduce future 
outcomes witti various degrees of uncertainty to a common certainty denomin­
ator. Contributions by Shackle (l*b ), Tintner (i>3), Hurwich (2b) and others 
in the last 20 years integrated further dynamic aspects into the theory 
and provided the corresponding mathematical formulations. An up to date 
summary of the dynamic theory of the firm is given by Baumol (1*). 
The inappropriateness of profit maximization as the only objective 
of the firm was pointed out by Scitovsky (1*7). He has shown analytically 
that the entrepreneur has to choose between money income and managerial 
inactivity, i.e., leisure. The more specific situation in management of 
a farm, which arises as a result of close firm-household interrelationship, 
is discussed by Heady (22, pp. 1*16-1*35). It is argued that the farm is 
an economic unit where production and consumption take place at the same 
spot. The close tie between the firm and the household increases the 
range of the goals of farm families beyond the goal of simple profit max­
imization. Further, extending the discussion to dynamic conditions Heady 
considers other objective criteria relevant to the decisions of farm fam­
ilies in reality. The main objective criteria of farm family over time 
are: profit maximization over time, utility maximization over time, 
stability of income, insuring minimum income per year, survival of the 
farm, capital accumulation and liquidity. 
12 
In spite of the extensive theoretical elaboration of the dynamic 
aspects of the firm and of the various objective criteria as related to 
the farm as a firm, incorporation of these concepts into empirical studies 
is subject to great difficulty. The attitude of the farmers towards risk 
and uncertainty, the rate by which they discount future outcomes, their 
relative evaluation of money income versus other objective criteria - all 
these are dominated by subjective values which are difficult to measure 
empirically. Some empirical studies have been done on particular aspects 
like the interdependence between the farm and the household, the economic 
instability in selected farm enterprises, formulation of expectations in 
agriculture, diversification of farm production to minimize income vari­
ability, and others. However, all the studies which are known to the 
author are partial in the sense that they consider only some specific as­
pects of the problem. Incorporation of all of the dynamic and non-monetary 
aspects into a more realistic model of the farm is still subject to con­
siderable methodological difficulty. This difficulty is probably the main 
reason why most of the farm management studies stick to the "classical" 
static theory of the firm, allowing consciously for some discrepancy be­
tween the model and reality. 
For the same reason the static theory of the firm is applied as the 
model for this study. However, the various points of divergency of the 
model from reality along the lines discussed above should be kept in mind. 
The objective of current profit maximization is only an approximation to 
reality. Some error allowance should be made for neglecting other objec­
tive criteria, the relevance of which will be pointed out during various 
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steps of tfte study. However, the magnitude of the errors involved is still 
open to evaluation. 
Delimitation of the Subject Matter of the Study 
Real life economic problems tend to appear in a hierarchy of phenomena 
involved one with each other. While the subject matter of a theoretical 
study may be artificially delimited by applying to the simplifying "ceteris 
paribus" assumption, the delimitation of the framework of an empirical in­
vestigation implies careful consideration. Since the problem to be investi­
gated is interwoven with related phenomena, from the "practical" point of 
view there arises a tendency to expand the limits of the study in order to 
cover more phenomena. However, given a certain amount of research re­
sources, delimitation of the study in terms of a clearly defined subset 
of the whole hierarchy is necessary. It is recognized that any delimit­
ing decision must bear elements of arbitrariness. 
The present st icty has been confined to an agroclimatically homo­
geneous region of the North Western Negev, in the south of Israel. The 
North Western Negev is an area of the new settlement project, with a 
rather high ratio (64 percent in 1957) of new family farms planned as 
field crop farms. In the author's judgment, North Western Negev is com­
paratively more problematic as a new settlement area than other regions 
in the country (except in the mountains), for reasons which will be dis­
cussed later in this chapter. The choice of the region for the study was 
beyond the control of the author. 
The study has been confined to family farms only; other types, namely 
the "kibbutzim" (collective farms) and commercial faims are excluded. 
lii 
This hardly needs to be justified because the emphasized tendency towards 
dairy farming exists mainly on family farms. 
The major part of the dissertation considers the comparison of dairy 
farming with field crop farming from the point of view of the farmer and 
farm management. The declared policy of the authorities, i.e., the 
shifting of the farm production from daily farming to field crop farming 
and the justification of this policy are not discussed. The goal is 
assumed as predetermined and only the policy measures to be taken towards 
this predetermined goal are analyzed. 
The investigation considers two points of time and is consequently 
divided into two parts. The first part is positive in its approach and 
its subject is the comparison of dairy farming and field crop farming "at 
present" (on the basis of 1957 data). Comparative analysis of the types 
of farming is performed in terms of the productive resources at the dis­
position of the farms, the productivity of the resources, the net incomes 
and other profitability criteria. 
However, considerable divergency exists between the present and the 
final stage of development of the farms as described in their plans. 
Also, the managerial ability of the farmers, most of whom are new settlers 
with no previous farming experience, is well below "normal".^ Conse­
quently, the inference from 1957 data applies only to the farms at present 
and hardly any projection into future can be made on the basis of this 
analysis. 
The second part of the study is therefore normative and considers 
^"Details are given in the next chapter. 
the two types of farming in their optimal resource development and under 
the assumption of normal management. Normative optimal programs have been 
worked out for the two types and the incomes and resource productivities 
as indicated in plans are compared. 
In an explicit formulation the following null hypotheses are tested: 
(a) There is no difference in the profitability of the two types of 
farming at their present stage of development. 
(b) There is no difference in the productivity of the resources on 
the two types at present. 
(c) There will be no difference in the profitability of the two 
types at the stage of their full development. 
(d) There will be no difference in the productivity of the resources 
on the two types at their final development. 
Also, answers to the following questions are attempted: 
(e) Considering only the family farms in the North western Negev, 
and neglecting other kinds of farms and other regions, what 
policy measures in terms of price structure and resource alloca­
tion will provide for economic coexistence of dairy and field 
crop farming? 
(f) Are the policy measures derived in (e) consistent with other 
goals of agricultural policy? 
Finally, suggestions for further research are given. 
16 
Source of the Data and the Sampling Scheme 
The source of the data for the first and the positive part of the 
study was a sample survey conducted in 1957-50• The data for the second 
and the normative part of the study came partly from the survey, but were 
supplemented by data available from the Department of Settlement and other 
sources. 
The objectives of the 1957-50 survey were formulated to provide data 
on the incomes and productivity of resources on the two types of farms. 
Another objective was to provide information on inputs and outputs and 
the prevailing management practices in the major farming enterprises. 
As in any other sampling design, the overall intention of the sam­
pling scheme was to reproduce unbiased estimates of those features of the 
population (or populations) which are of interest to the study, while re­
ducing at the same time the variability of the irrelevant features. In 
some sense it was attempted to approximate an experimental situation, 
i.e., to reduce as far as possible the variation in the "experimental 
environment" and to observe the variation in the features of interest. 
Consequently the sample was confined to a fairly homogeneous area 
from the standpoint of agroclimatic conditions. An attempt was made, to 
the extent possible, to equate: (a) the managerial ability of the fanners 
included in the samples, and (b) the land area at the disposition of the 
farms. Moreover, an attempt was made to restrict the range of the dis­
tribution in the other factors, provided they could be evaluated in the 
starting stage of the survey. 
It may be argued that for estimation of production functions (which 
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are part of this study) it is desirable to obtain "large variances in the 
factor dimensions" (3I4, p. 95)> the result of which is reduction of the 
standard errors of the regression coefficients estimated. However, it is 
obvious that if the range of the distribution of the factors becomes too 
large, the homogeneity of the samples, as coming each from a given popu­
lation, may be questioned. This question is particularly relevant for 
populations of newly established farms, where the rate of development 
varies considerably among farms. 
In order to obtain fairly homogeneous and comparable samples the 
sampling was restricted to the upper categoiy of "advanced" farms of the 
dairy type and field crop type populations. Straightforward definition 
and identification of the upper class stratum in the populations consider­
ed was not possible because sufficient infomation was unavailable to 
provide criteria for stratification. Under these circumstances a quota 
sampling method was applied in which the farms were suggested by the ex­
tension workers in the region and their conformity with the sample was 
checked by the survey interviewer. It should be noted that in each new 
settlement village two extension workers usually live on a permanent 
basis and their daily contact wit a the farms and their knowledge of the 
operations of the farms is significant. Purposive or other non-random 
samples are not infrequently used in farm production studies, and in par­
ticular in connection with production function studies. One group of 
studies (45, 5k) is based on data from farm records which tend to repre­
sent only the upper class of farms where records are kept. Other studies 
are intentionally based on purposive samples, (see Johnson (3k)). The 
18 
reasons for and the rationale of purposive sampling in production func­
tion studies is given by Johnson (3k# p. 95) • 
From the point of view of pure statistical theory purposive samples 
should be avoided because they are not amenable to the development of the 
probability argument. Nevertheless, some authorities in statistics (11, 
p. 7; 19, pp. 71-77) recognize that purposive sampling may be preferable 
to probability sampling under certain circumstances, or when probability 
sampling is practically impossible. However, it should be noted that the 
accuracy of the results obtained depends heavily on assumptions and judg­
ment that cannot be measured objectively when non-probability sampling is 
used. 
The family farms in the region investigated are located in villages, 
each village comprising 60-120 households. All farms in a particular new 
settlement village are planned for the same type of farming, i.e. there 
are distinct dairy villages and field crop villages. 
The sample drawn comprised three villages for each type of fanning, 
with ten family fanns in each village. The size of the sample was deter­
mined by the budget available for the survey. In five field crop farms 
the data available on production and income were not complete and the 
analysis of these results refers to 25 farms. The location of the survey 
area is shown in Illustration 1. The dairy farm villages are coded by 
capital letters A, B, C, and field crop villages by D, E, F. 
The units of measurement are those originally used in Israel. The 
use of the original units of measurement eliminates the rounding errors 
involved in transformation to the units of measure as applied in the 
19 
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Illustration 1. Location of the survey area 
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United States. Detailed conversion factors of the different measure 
units are given in Table 37 in the Appendix. 
A Descriptive Note on the Agriculture of Israel 
It should be noted that the description and analysis of data in the 
positive part of the study (Part I) must not be taken as providing inference 
either on the new settlement family farms in other regions of the country 
or on the agriculture of Israel at large. 
Negev as a whole is an area of new settlement which started on a 
large scale basis only in 1952. Only few farming enterprises existed in 
Negev prior to that year. Agroclimatically the region is significantly 
different from the other parts of Israel where long run agricultural prac­
tices are well established. The quantity of rainfall in the sample area 
amounts to 250 mm. per year on the average. The scanty rainfall implies 
that agriculture depends heavily on irrigation. The land is of rolling 
land type. The soil is loess-clay, highly susceptible to erosion. In 
view of the above characteristics of land, the necessary practicing of 
irrigation imposes serious agrotechnical problems. 
Some of the crops introduced in particular into the field crop 
farms, like cotton, peanuts and sugar beets, are not only new in Negev 
but are newly introduced to Israel on the whole, and thus far no long run 
experience in their cultivation has been established. An agricultural 
experimental farm in the region (a branch of the central Experiment Sta­
tion in Rehovot ) was founded in 1953, but so far it can hardly release 
adequate guidance to the farmers. 
Finally, most of the new settlers in the area have no previous 
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farming experience. A large proportion of them have comparatively low 
level of education.^ 
Under the circumstances described above, the new settlement in Negev 
may be considered as more problematical than new settlement projects in 
other parts of the country. Unquestionably, the data presented should not 
be used in argr way for drawing inferences about the well established agri­
culture in northern parts of Israel. For the sake of comparison, the 
main features of well established family farms in northern parts of the 
country are presented in Table 30 in the Appendix. More general data on 
agriculture in Israel in the £hglish language may be found elsewhere (31). 
For an English summaiy of a 195k survey of new settlement family farms in 
northern parts of the country, the reader may refer to Halperin and Yaron 
(18, pp. V-XIV). 
Nearly half of the settlers included in the survey have attended 
regular schools for less than five years. More details On this subject 
are presented in the next chapter. 
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PART I. DAIRY AND FlriuD CROP FARMING AT PkhSE^T 
23 
DESCRIPTION OF DAIRY AND FIELD CROP FARMING AT PRESENT 1 
The Objective of the Chapter 
The objective of this chapter is to provide a concise description of 
the two samples of the farms investigated, to conpare the quantities of 
the productive resources at their disposition and to present the produc­
tion patterns and incomes on the two types. 
The Individual Farm and the Village 
The individual farms are located in villages of 60-120 households. 
All the households in each village are organized in local cooperatives 
which are responsible for the municipal services. They also maintain, 
for service to individual farms, pooled enterprises sucn as farm machin­
ery, stores of consumer and production goods, credit institutions and a 
marketing pool. The production on the farms is carried on by the indi­
vidual owners. However, the village cooperatives too may maintain some 
productive activities, either on a temporary or permanent basis. All 
fanas in such a village, known as a "Moshav", must be members of the 
local cooperative, but the extent to which the facilities provided by the 
cooperatives are used is open to the decision of each individual. 
Physical Cultivable Area 
The average cultivable area per individual farm was 15.5 rtnnamfl of 
irrigated land on the dairy farms, and 15.5 dunams on the field crop 
"*"A11 data are based on the 1957 survey unless otherwise stated. 
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farms, the range being 18-20 dunams and 16-20.5 dunams, respectively, for 
the two types of farms. In addition to the land operated by individual 
operators, the village cooperatives, with the assistance of the Depart­
ment of Settlement, cultivated young vineyards of about 5 dunams per farm 
unit. The village cooperatives also operated the lands with underdevel­
oped irrigation facilities. Both the vineyards and the temporarily un-
irrigated lands, after the latter are developed, will be allocated to the 
individual farmers in the future. When this has been accomplished, the 
total cultivable land area will be 3d dunams per farm on both types of 
farms « 
Thus far the activities of the individual farmers have been re­
stricted to their individual plots. Some of the farmers had opportun­
ities to rent temporarily small additional areas from their neighbors. 
Others did not cultivate all of the land at tneir disposition. These 
divergencies were very difficult to enumerate. As a rule, they were 
small, and, hence, negligible. 
Irrigation Water 
The rainfall precipitation in the area averages 250 mm. per year, 
most of the rains falling during the period December-February. All of 
the summer crops must be irrigated. Supplementary irrigation during the 
winter is very useful for winter crops. 
The irrigation water in the area is supplied by a nation-wide com­
pany "Mekoroth". The price of water to the farmer ranges between O.OUU 
to 0.056 I.L. per cubic meter. The 1957 average quantities of water used 
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were 15,340 cubic maters per dairy farm and 13,544 per field crop farm. 
In practice there were no effective restrictions on the total quantities 
of water consumed by the farms, but sometimes there were inadequacies in 
the supply of water during the "critical periods". It was impossible to 
trace these temporary (even though possibly critical) shortages in water 
supply in a measurable way witn the survey resources available. 
Capital 
Most of the capital assets on tne farms surveyed were provided by 
the Department of Settlement. The assets were in general of standard 
types. These conditions given, the farms' capital assets were evaluated 
on the basis of current replacement cost data, provided by the Department 
of Settlement. 
Table 1 summarizes the productive capital invested per farm unit on 
the two types. 
Table 1. Productive capital assets per farm unit, depreciated 1957 
replacement value 
Type 
of Total Buildings 
Irrigation 
equipment Livestock3 
Farm, 
tools Miscellaneous' 
farm I.II. f O  i .L. % I .ii. % I .ii. /6 -L ell » I.L. 
Daily 14,227 100 3,662 26 2,645 19 7,345 51 365 3 210 1 
Field 
crops 6,07k 100 2,244 37 2,441 40 969 16 196 3 224 4 
^Including cattle livestock, poultiy, sheep and draft animals. 
^Mainly horse drawn equipment. 
°Mainly poultiy husbandry equipment. 
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The capital investment on the dairy farms amounted to the total of 
14,227 I.L. on the average, as compared with 6,074 I.L. on the field crop 
farms. 
The major category of investment on the dairy farms was livestock. 
It amounted to 7,345 I.L. or £lpercent of the total. Farm buildings rep­
resented the next largest (26 percent) and irrigation next (ly percent ;. 
The percentages of total assets in.irrigation equipment and buildings were 
40 and 37 percent, respectively, on field crop farms. 
The difference of about 5,000 I.L. in total assets for the two types 
is due to the value of dairy cattle (6,400 I.L. per farm) and daiiy barns 
on the dairy farms, which have no counterpart on the field crop farms. 
Livestock other than dairy cattle included poultiy, and sheep introduced 
mainly on the field crop farms as a supplementary activity. 
The main source of investment capital were loans by the Department 
of Settlement. No exact accounting of the equity ratio was made; however, 
if we consider the owner's capital on dairy farms as represented by the 
growth of the livestock inventory (4>640 I.L. per farm), tne equity ratio 
is somewhat greater than 30 percent of all assets managed. The owner's 
equity ratio on the field crop farms is negligible. 
Except for the capital assets on the individual farms the village 
cooperatives owned and operated central magazines, marketing stores, 
machinery pools, and other facilities. These services to the individuals 
were paid or charged on a "quantity of service" basis. 
It may be of interest to mention that the capital assets on the 
sample dairy farms comprised about one half of the investment on "estab­
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lished" farms of similar type.^ A comparison of the sample field crop 
farms with the established ones is not possible because there are no pre­
viously established field crop farms; the estimated investment, at the 
full development stage, for crop farms implies a doubling of the present 
2 investment• 
Labor 
The labor inputs on the sample farms were estimated on tne basis of 
two somewhat different norms, applied to the detailed farm activities. 
The normative labor inputs are given in Table 2. 
Table 2. Normative labor inputs per farm, 10-hour-labor days 
Farm type 
a 
Norm A Norm B^ 
Dairy 352 352 
Field crop 3h 1 337 
aNorm A-according to norms used by the Hebrew University of Jerusalem 
(25) for established family farms. The detailed norms by major farm 
activities are presented in Table 39 in the Appendix. The computation of 
the normative labor input per farm is oased on multiplication of the level 
of each activity by its labor norm. 
^Norm B was worked out on the basis of data collected in the survey 
and consultation with extension officers in the area. The detailed 
nonnative inputs are presented in Tables 41, 1*3 and uk in the Appendix. 
^The capital assets on established farms in 1956 amounted to 32,700 
I.L. on the "Poultry-Dairy" type, and 25,500 I.L. on the "Daizy-Poultiy" 
type (25). 
^See Table 57 in the Appendix. 
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As illustrated by Table 2, similar results are attained using the two 
different norms. Even though differences of estimate exist in details, 
these differences are small and "average out" completely for dairy farms. 
Input of 10-hour-labor days was estimated as 352 on the average on 
the daily farms and 337-341 on the field crop farms. 
According to Norm B, there were no dairy farms with a labor input 
below 2U0 labor days. On the remainder of the dairy farms 31 percent had 
200-300 labor days, 41 percent had 300-400 and 25 percent had more than 
400 labor days. On the field crop farms the input of labor days was be­
tween 200 and 300 on 56 percent of the farms, 300-400 on 42 percent and 
above 400 on 12 percent of the farms. 
Demographic Data 
Under new settlement conditions the personal ability of the settlers 
probably plays a significant role in the degree of success of the farms, 
more significant than in other circumstances. The main demographic data 
on the two samples are presented below. 
Age 
Age of the operator may be significant from the point of view of the 
new settlers' ability to adjust to new life circumstances. The average 
age was 36 and 35 on the dairy and field crop farms, respectively. 
Seventy-seven percent of the daily farmers were within the 30-44 age 
group whereas the field crop farmers were more evenly distributed over 
the age groups considered between 20 to.64 (20-29, 30-44, 45-64). 
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Education 
Table 3 presents the level of education of the farmers in the sample. 
The period of school education is probably not an exact criterion of actual 
education. Great differences in the level of school systems may be ex­
pected among the countries from which the farmers emigrated. The 
Table 3» Level of school education, frequency distrioution 
Type of N o  Religious3 Up to 5-5 9-12 Over 
farm school school only 4 years years years 12 years Total 
Dairy — 35 11 50 4 — 100 
Field 
crops 10 22 13 50 5 — 100 
^Schools supervised by religious officials, where the Bible and 
other Holy Writings are studied. This category refers mainly to immi­
grants from Asian and African countries. 
countries from which the dairy farmers emigrated were these: 
Europe (mainly Eastern Europe) 35 percent 
North Africa (mainly Tunis ) 63 percent 
Israeli born 2 percent 
The countries from which the field crop farmers emigrated were: 
Europe lb percent 
Asia (Persia and Kurdistan) 73 percent 
South America 4 percent 
Israeli born 5 percent 
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Previous farming experience 
Sixty-seven percent of the dairy farmers and 77 percent of the field 
crop farmers had no farming experience prior of their settlement. The 
experience of the remainder was, in general, restricted to 1-2 years of 
practical work on farms. In a few exceptional cases the settlers had 
previously operated farms or attended agricultural vocational schools. 
Present farming experience 
The main source of agricultural experience of the settlers is that 
acquired on their own farms since coming to Israel. The nominal average 
farming period was 6.7 years on the dairy farms and 3.8 on the field crop 
farms. Actually, the real farming period was about 5 and 3 years, respec­
tively, because in the first period of settlement the farmers were mainly 
employed in construction works of building houses, farm buildings and 
irrigation facilities. 
An attempt to evaluate the personal data and to relate them to man­
agerial ability of the farmers is described in a later chapter. At this 
stage it may be only said that, if the above criteria are meaningful, 
apparently the only personal advantage which may be assigned to the dairy 
farmers is their comparatively longer farming period. The two groups do 
not appear different with respect to other criteria. Too, the subjective 
judgment of the survey interviewer did not suggest any meaningful personal 
differences on the average between the two groups. 
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Farm Structure and Farm Incomes 
Table 4 presents the main features of the structure of the sampled 
farms. The average cropped area was 28.7 dunams and 25.4 dunams on the 
two types, respectively, as compared with 18.8 and 18*5 dunams of owned 
cultivable land. The divergency between the cultivable and actually 
cropped area is due mainly to double cropping over the same area in a 
year, and somewhat to cultivation of temporarily rented extra plots. 
The cropping system on the dairy farms included 50 percent of forage 
crops, 28 percent of vegetables (mainly potatoes and onions) and 17 percent 
Table 4. The main features of the farm structure, average per farm 
Dairy Field crop 
Dunams Percent Dunams Percent 
Total cultivable area 18.8 100 18.5 100 
Cropped area 
Forage crops 14.3 49.8 0.7 2.8 
Vegetables* ti.O 27.8 11.3 44.5 
Industrial crops*3 4.8 16.ti 12.1 47.5 
Grain crops 0.4 1.3 1.0 3.7 
Miscellaneous 1.2 4.3 0.3 1.5 
Total cropped area 28.7 100.0 25.4 100.0 
Livestock Number Number 
Milking cows 2.8 — 
Heifers or calves 2.3 - -
aMainly potatoes and onions. 
"Cotton, peanuts and sugar beets. 
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of Industrial crops (cotton, peanuts and sugar beets). On the field crop 
farms Uti percent of the cropped area was devoted to industrial crops and 
44 percent to vegetables (mainly potatoes and onions). The industrial 
crops on the latter farms included 57 percent of peanuts, 22 percent of 
sugar beets and 21 percent cotton. 
Dairy farms had an average of 5.1 dairy cattle head per farm. Of 
these, 2.ti were milking cows. In one of the villages of the field crop 
farms a beef cattle herd was introduced during the survey year. However, 
since no data on the appreciation of these cattle were available, doth 
inpats and outputs of this activity were excluded. In two other field 
crop villages and on some of the dairy farms sheep were raised as supple­
mentary enterprise to field crops. On some farms of both types poultry 
husbandry was practiced on a supplementary level. Mules were mainly used 
as draft animals. 
Gross Product 
The gross production (defined as value of sales+market value of farm 
products consumed + changes in livestock inventory) is presented in Table 
5. Fifty-seven percent of the gross product of the dairy fann was derived 
from daiiy cattle, lb percent from vegetables, and 14 percent from poultry 
products. On the field crop farms the gross product included 45 percent 
from vegetables, U5 percent from industrial crops, the remainder being 
poultry, sheep and miscellaneous. 
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Table 5. Gross product* by source, average per farm 
Type Industrial Miscel-
of Total Dairy Sheep crops Vegetables Poultry laneous 
farm I.L. % I.L. % I.L. % I.L. % I.L. % I.L. % IJ,. % 
Dairy 6,670 100 3,766 57 lb b 564 b 1,21b lb 920 14 1B4 3 
Field 
crop 4,840 100 110 2 2,169 45 2,lb9 45 315 7 57 1 
aGross product = sales + market value of farm products consumed -+-
changes in livestock inventory. 
^Negligible percent. 
The Income 
The income data are presented in Taoles 6, 7 and 0. The following 
income definitions are used: 
Net income = gross product - cash expenses - depreciation 
Net cash income = sales value - cash expenses 
Total realized income - cash income + market value of farm 
products consumed -+- income of out of 
farm employment 
The net income is presented in Table 6. The average net income per 
farm was 1,769 I.L. on the dairy farms, as compared with 1,24b I.L. per 
field crop farm. The range of net incomes extended from minus 390 I .ia. 
(deficit) up to 5»134 I.L. on the dairy farms, and between a deficit of 
-749 I.-u. up to an income of 3*402 I.L. on the field crop farms. There 
were as well considerable differences between the averages of the vil­
lages within each type of farming. The means of the villages were: 
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Table 6. Net income per farm, I.L. 
Gross Cash 
Type of farm product expenses Depreciation Net income 
Dairy 6,670 4,457 444 1,769 
Field crop 4,840 3,247 345 1,24b 
2,871# and 94b I.L. in the dairy type villages and 1,(309, 1,400 and 
466 I.L. in the field crop villages. 
Out of the 1,769 I.L. net income on the dairy farms 1,066 I.L. were 
due to appreciation of cattle livestock. 
The net cash income is presented in Table 7. The net cash income 
Table 7. Net cash income per farm, I.L. 
Type of farming Sales Casn expenses Net cash income 
Dairy 5,205 4,457 74b 
Field crops 4,654 3,247 1,407 
was 746 I.L. on the daily farms and 1,407 on the field crop farms. The 
rather low net cash income on the dairy farms as compared with the net 
income of 1,769 I.L. (shown in Table 6) suggests the existence of a 
strong attitude towards saving and interest in the development of the 
farms. The maintainance of this rate of growth was possible thanks to 
additional sources of income, namely, the farm products consumed by the 
families and incomes from off farm employment. 
Z 
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The potential level of living is reflected by the total realised in­
come, shown in Table ti. The higher income from off farm employment on tho 
daily farms as reflected in Table ti should not be related to the farm 
structure; accidentally the dairy farm villages were geographically closer 
to centers of employment opportunities in the region. 
Table ti. Total realized income per farm, I.L. 
Net cash Farm products Uff-farm 
Type of Total income consumed employment 
farm I.i#. fa I.j-i. /> I.ii. fo I.L. 
Dairy 2,537 100 7W 29 >55* 22 1,234 49 
Field crop 2,126 100 1,407 66 251b 12 468 22 
^Comprising 51 percent poultry products, 34 percent dairy products, 
9 percent vegetables, 4 percent sheep products and 2 percent peanuts. 
&Comprising 46 percent poultry products, 22 percent vegetables, 17 
percent peanuts and 15 percent sheep products. 
It may be of interest to mention that the net income of established 
family firms in 1956 was estimated at 6,600 I.L. per farm with an average 
labor input of 526 days of 10 hours per day (25). The 1956 country aver­
age wage rate was, for unskilled workers, / I.L. in industry and ti.U I.L. 
in construction jobs, and that of skilled workers ranged from 9.0 to 11.3 
I.L. in industry, and was about 10.6 I.L. in construction jobs (3, p. 116). 
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RESOURCE PRODUCTIVITY 
Methodological Considerations 
Marginal productivities of resources used in production are funda­
mental data for making decisions with respect to resource allocation 
towards achievement of economic efficiency in production, both on the 
intrafirm and interfirm level. 
The intrafirm optimizing conditions, i.e., the conditions of equi­
librium for a maximizing profit firm under pure competition, were described 
in an earlier chapter. These intrafirm equilibrium conditions are easily 
extended to the interfirm level, i.e., to the situation when more than one 
firm is considered at a time. Consider, for example, the first intrafirm 
condition that the marginal rate of substitution between any two products 
should be equal to their price ratio. Considering now two firms, the mar­
ginal rate of substitution between the two products must be equal to the 
price ratio of the products, which is the same for the two firms; hence 
the marginal rate of substitution between tiae two products and, conse­
quently, between any two products, must be the same for any two firms 
producing both. In a similar way the other two fundamental intrafirm 
conditions may be extended to interfirm comparison. A detailed discussion 
of the conditions necessary for maximizing economic efficiency of produc­
tion at the micro and the aggregate level is presented by Reder (42) and 
Heady (22, pp. 704-733). Heady discusses in particular the application 
of efficiency rules to agriculture including considerations of substitu­
tion of monetary income for leisure. 
In this study the knowledge of the marginal productivities of the 
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farm resources is important both from the point of view of judging effi­
ciency of production within each one of the two types of farms investigated, 
and for comparing the productivity of the same resources on the two types. 
For example, in case of finding a divergency between the marginal value 
product of a given resource and its market price, the need for a proper 
adjustment in the level of use of that resource is apparent, to achieve 
the equality MVP = price. In case of fixed resources the divergency of 
marginal value product and market price is unavoidable in the short run, 
and profit maximization implies MVPj = Pj only for the variable resources. 
The relation MVP. > P^ or MVP-<P. for the fixed resources bears, however, J J J J 
important implications on the desired development trends of the farm. 
Furthermore, considering interfara comparison of the dairy versus 
field crop farms, divergencies between marginal value productivities of 
the same resource on the two types may provide directives as to the rela­
tive requirements for additional resource influx into the developing farms. 
Attempts to estimate empirically the marginal productivity of re­
sources may be traced back as far as to Aicardo. Nevertheless it can 
hardly be claimed that an uncriticizable technique has been achieved yet."*" 
A historically widely used method is the "residual" method of product 
imputation where the product value imputed to a,given resource is taken as 
the difference between the total value product and the sum of algebraic 
products of the quantities of the resources multiplied by their market 
prices. This method draws heavily on usually unrealistic assumptions of 
constant returns to scale and equality of market prices to the marginal 
value products for all factors, except for the one being estimated. More­
over, the estimate provides the total or the average return to the factor 
considered, rather than the marginal. 
Another approach is to approximate the marginal productivity by the 
average productivity. This method, however, may be applied only' under the 
assumption that the average productivity, (Continued on the next page) 
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A recent method used extensively for estimating marginal productivities 
and related quantities is based on derivation of empirical production 
functions. 
The theoretical production function model is a basic tool in the 
microeconomic theory. Considering a firm as an effective decision-making 
unit, the firm confronts one or more production functions determined by 
the technological conditions. For a single product, Ï, which is dependent 
on several production factors, Xj, the function is: 
(4.1) Y = f(Xx, X2, ..., XH; 
When some of the factors are fixed we have: 
(4.2) Y • f(X^, Xg, •»•, Xjç X^^f +2* •••» 
where X^^» ^k+2' "*> ^n are the fi%@d factors. 
The production function being given, basic quantities for tne marginal 
analysis may be derived from it, namely, the marginal productivities of 
factors, isoquants, marginal rates of substitution between factors and 
isoclines. The nature of returns to scale may be concluded, too, from the 
production function. 
In a general case, where the firm produces any number of products 
and makes use of any number of factors, the production function may be 
presented in its implicit form as: 
(4*3) F (Y^, Yg, •••» ¥m# Xj_, Xg, ..., ^n^ = ^ 
where the Y's denote the outputs, and the X's denote the inputs. This 
(Footnote continued from previous page) 
and consequently the marginal productivity, are linear functions. For 
further discussion of this method and its limitations see Strand et al. 
(49). 
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function may be considered as representing several and possibly interrelat­
ed production processes. Again, the basic quantities for the marginal 
analysis may be derived from this function, as in the case of a single-
product, with the additional product-product relationships (product-
product marginal rates of substitution). 
The objective of this chapter is to estimate the empirical production 
functions of the dairy and field crop farms as a means towards estimation 
of resource productivity. 
The transition from theory to empirical estimation of the production 
functions raises some problems with respect to the choice of the appro­
priate model. Confronting the two samples of the farms investigated, the 
first question arises whether the single product production function U»2 
or the multiple production function lw3 should be applied. In particular 
with respect to the daiiy farms, possible discrimination between dairy 
production and field crop production is worthwhile to consider. However, 
this possibility was ruled out by the nature of the data available, which 
made it impossible to discriminate between inputs according to their 
product destination.^ The main difficulty arises from the fact that 50 
percent of the area of field crops on the dairy farms was used for forage 
crops consumed directly by the daiiy cattle and the yields of these crops 
could not be reported by the farmers. Also the discrimination of the 
^A considerable effort was directed towards discrimination of inputs 
and outputs by enterprise during the survey. This attempt had to be 
given up because it amounted to keeping detailed records of inputs em­
ployed in forage crops and the yields of forage crops. Yields of some 
forage crops were estimated by plot sampling; however, it was impossible, 
with the given survey resources, to sample all the forage crops. 
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particular inputs for forage crops was impossible. On the other hand it 
was possible to identify the inputs and the outputs of the poultry enter­
prise on the two types. Since poultry, on the level practiced on the 
farms (supplementary level), may be regarded as exogeneous to the structure 
of the farms, both the inputs and the outputs of this enterprise were ex­
cluded from the following production function analysis. Outputs of the 
other enterprises were aggregated according to their monetary value and 
the single product function was employed. The procedure of aggregation of 
the total value products assumes implicitly that the marginal value 
product of any factor is the same in the different production processes 
in which the factor is employed. This assumption certainly has its eco­
nomic justification, at least for well organized farms. 
The next methodological problem is the choice of the appropriate 
algebraic form of the production function. This is a multiple-choice prob­
lem where the criteria for selection are conformity of the model to theory 
and previous knowledge on the one hand, and on the other hand, the degree 
of conformity to the real data, as measured by the statistical goodness 
of fit. 
The set of choice includes the Cobb-Douglas function, various types 
of polynomials of increasing power, polynomials of decreasing power, the 
Cobb-Douglas function modified to destroy constant elasticity and sym­
metry, and others. A detailed discussion of these forms, their merits 
and limitations, is given elsewhere (23, 7). 
The particular function applied in this study is of the Cobb-Douglas 
type: 
a 
bg bjj. 
(li.U) ï"boxl x2 ••• \ 
where Y is the output, JÙ is the j-th input and b. is the parameter 
J J 
corresponding to the j-th input. 
The algebraic form of the Cobb-Douglas function allows for diminish­
ing or increasing marginal productivity of resources and preassumes de­
pendence of the marginal productivity of a given resource on the level of 
other resources. These implications are consistent with economic theory. 
On the other hand, the Cobb-Douglas function aoes not allow for zero or 
negative marginal productivities; it preassumes constant marginal rates 
of substitution between factors at various levels of output (the isoclines 
are straight lines passing through tne origin) and constant elasticity of 
production at all levels of production. These latter preassumptions are 
likely to be inconsistent with reality in many cases. However, the above 
restraints imposed by the Cobb-Douglas function on the empirical estimates 
are mostly effective at the lowest and the highest range of the production 
function. They are, however, of minor importance at the geometric means 
of all variables or at the neighborhood to these means. Consequently, if 
the main objective is to estimate the marginal productivities at the geo­
metric means of the factors, application of the CODb-Douglas fonction is 
appropriate. 
A great advantage of the Cobb-Douglas function is the small number 
of parameters to be estimated, as compared, for example, with various 
types of polynomials. Indeed, application of polynomials to regression 
analysis becomes significantly more laborious as the number of variables 
increases. While in the Cobb-Douglas function the nuatosr of parameters 
equals the number of variables, in an increasing-power, a two variable 
k2 
polynomial of second degree, the number of parameters is five; and it 
rises as far as to ten in a three variable polynomial of second degree, 
if only interactions of the first degree are considered. This advantage 
of the Cobb-Douglas function is particularly important when the number of 
observations is small and the question of "saving degrees of freedom" be­
comes relevant. Due to these advantages the Cobb-Douglas function is 
widely applied in farm management studies. Nevertheless, it should be 
kept in mind that the estimates are valid only at the geometric means or 
in their vicinity. 
For the statistical estimation of the empirical production function, 
given a sample of n observations of outputs Y^(i = 1, 2, ..., n) and inputs 
Xj_j(i • 1, 2, ..., n; j =1, 2, ..., k), it is assumed that: 
b]_ bg bjj. £. 
(U.b) Yj. = b0Xn X.2 ..., X^ e (i = 1, 2, ..., n) 
f 4 1 
where e is a "proportional error" accounting for the discrepancy be­
tween the observed value Y^ and the corresponding estimated height of the 
production surface Y^. The parameters are estimated by applying the least 
squares method to the logarithms of i|.5: 
(b.6) log Yj_ - log bQ + b-j_log Xjj + bglog Xi2 ... + ... + b^log X^t 
Next we assume that the €^'s are normally and independently distributed 
2 
with mean zero and variance C • Tests of significance based on this 
assumption may be applied to the various quantities estimated. 
^Actually the decimal base logarithms are used in the following pro­
cedure. The error term is then 10 1. 
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The Dairy Farm Production Function 
The production function estimated for the dairy farms sample is based 
on 30 observations. Inputs and outputs of the poultry enterprise on the 
farms were excluded from the analysis. The estimate yields: 
(lu7) Y • 0.352 x 6^0 x^ x-372 X 7^ R2 • 0.01 
where Y is the value of output in I.L., is the total quantity of water 
per year in cubic meters, Xg is the nunber of labor days estimated on a 
normative basis, X^ is the yearly average value of dairy livestock in 
I.L. and X^ is the current cash expenses in I.L. with costs of water and 
hired labor excluded. 
The land is regarded as a fixed factor. The average owned land area 
was 18.0 dunams with 10.0 dunams on all farms in villages A and C, and 
20.5 dunams on farms in village B. As mentioned already in the last chap­
ter the area actually cultivated diverged by negligible amount from the 
actually owned area, the exact size of these divergencies being unknown. 
Examination of the production function reveals that all the elasticity 
coefficients are smal 1er than one, suggesting diminishing returns for all 
factors. The results of the test of significance of the elasticity co­
efficients are presented in Table 9. 
As Table 9 shows, the elasticity coefficients of water and live­
stock are statistically significant at 1 percent probability level, while 
the coefficients of labor and cash expenses are nonsignificant at an 
acceptable probability level. The standard errors of these last two 
coefficients are approximately as large as the coefficients themselves. 
The marginal value products of the resources at their geometric 
Table 9. Level of significance of elasticity coefficients in dairy farms 
production function 
Elasticity Value* Probability 
Resource coefficient of t level for t 
Water •I4.6O 3.1*5 P<.01 
Labor .15k 1.00 P<.40 
Livestock 
CM 
5.05 PC.Ol 
Current expenses .147 1.09 P <.i*o 
%t = 3_ . 
Sbi 
means and related data are shown in Table 10. The third column of Table 
10 shows the marginal value products of the resources. The corresponding 
standard errors of these estimates are presented in the fourth column. 
As shown by Carter and Hartley (b), the standard errors increase con­
siderably as the estimates are made further away from the geometric means. 
The marginal value product of water is 0.175 I.L. per one cubic 
meter as compared with market price of 0.050 I.L. per cubic meter. The 
difference is significant at the 5 percent probability level. This result 
suggests that the water resource is underused. To support this conclu­
sion a supporting inquiry was performed considering the question of ade­
quate use of irrigation water. Namely, the quantities of water actually 
used were compared, for each farm, with normative quantities considered 
as appropriate by field crops experts. The computation of the normative 
quantities was performed on the basis of detailed areas and specific 
nonns for the various crops. The results show that the actual use was on 
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Table 10. Marginal value products of resources at their geometric 
means and related data on dairy farms 
Resource 
Geometric 
mean 
MVP 
I.L. 
Standard 
error of 
MVP 
I.L. 
warket price 
of resource 
I.L. 
t value of 
departure 
from 
market price' 
Water Ui,280 c.m. .175 .051 .050 2.k7***b 
Labor 332 days 2.522 2.514 6.000 1.3b** 
Livestock 5,UtiU I.L. .360 .073 # O o
 
.12* 
Current 
expenses 2,L?2 I.L. .319 .292 1.050 2.50**** 
®t = MVP-Market price— . the use of this statistic is discussed 
Standard error of MVP 
later on in the text. 
b**** P <.02; *** P<.05; ** P <.10; * P>.50. 
cAssuming 3 years' loan at rate of interest of 6 percent. 
the average 73# 92 and 09 percent of the norm, respectively, for the three 
villages. It should be noted that the norms applied are strictly agro­
nomic in their nature tending towards maximization of yields, and as such 
may have limited economic meaning. However, the results of the two 
analyses taken together are complementary and support each other. 
The market price of water considered (0.050 I.L. per cubic meter J is 
the average price charged actually to the farmers by the supplying com­
pany. This price does not include either the overhead costs of irrigation 
on the farms, or of the supplying company. There is a considerable con­
troversy on the question of what these overhead costs really are; basic 
data such as the rate of depreciation of the irrigation equipment are as 
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yet not definitely determined. As this controversial point falls beyond 
the scope of this stucty it may be concluded that either: (a) considering 
the short run marginal cost of water, this factor is underused; or (b) 
there is a margin of 0.1^5 I.L. left for overhead costs if the long run 
point of view is taken. 
The marginal value product of labor is 2.522 I.L. per day as compared 
with the market wage rate of 6.000 I.L. Due to the large standard error 
of the estimate of MVP of labor this difference is not significant at an 
acceptable probability level. It should be noted that the labor inputs on 
the farms were normatively computed and the estimate of the MVP depends on 
the correctness of the norms used. 
The marginal value product of livestock is 0.368 I.L. per one I.L. 
invested. Difficulty arises in the attempt to estimate the "price" of 
the capital invested in livestock. Assuming arbitrarily loans of a 3 year 
period and interest of 6 percent, the cost of the capital will be approxi­
mately 0.360 I.L, per one I.L. per year. Tentatively it may be said, that 
if the cost of capital is 0.360 I.L. per year as assumed, there is no 
significant difference between the MVP and the "price" of the capital in­
vested. A statistically significant difference at 5 percent probability 
level between the two emerges as the cost of investment capital falls to 
0.218 I.L. per year per one I.L. invested. Hence, if capital is available 
to farmers at this cost (0.218 I.L.) or lower, investment of this capital 
in dairy livestock seems fully justified. Capital cost of 0.218 I.L. is 
well above the payments.on loans of the "Settlement Budget" (loans for 
30-1*0 years with 3-5 percent interest); however, most of the fanners have 
already received their Settlement loan quotas for livestock. Also the 
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opportunity cost of owned capital available for investment is probably 
below 0.218 I.L., justifying the investment of owned capital in livestock. 
Any statement justifying investment in dairy livestock at a capital cost 
higher than 0.21b I.L. will be based on a probability level of being cor­
rect, lower than 95 percent. 
The marginal value product of current expenses is 0.319 I.L. as com­
pared with 1.050 I.L. cost, if 5 percent interest is assumed. This differ 
ence, which is significant at 2 percent probability level, possibly re­
flects overuse or misuse of current expenses spent for seeds, fertilizers, 
chemicals, feeding stuffs, hired farm machinery and hired labor. Other 
survey data support this interpretation. 
The production function of dairy farms shows a slight tendency 
towards increasing returns to scale. The sum of elasticity coefficients 
is 1.13. A one-sided t test of significance^* for increasing returns to 
scale yields t • 1.168, which corresponds to the 20 percent prooability 
level of significance. 
k 
2, bi - 1 
S *" * 
where b^ is the elasticity coefficient of the i-th resource, s2 is the 
estimate of the variance due to deviations from the regression surface, 
c.. is the Gauss multiplier corresponding to the i-th and j-th resource. 
This test is considerably simpler than the F test suggested by Tintner 
(52, pp. 89-91 ) and used by some workers in the field (37, 54). It may 
be shown that the above t expression if squared is identical with 
Tintner's F. 
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The Field Crop Farm Production Function 
The production function estimated for the field crop farms is based 
on data from 24 farms,"'* in three villages. Three pairs out of these 24 _ 
farms maintained complete partnership and are considered here as merged 
units. Thus the number of observations for estimation of the production 
function declines to 21. 
The estimated production function is: 
(4.8) Y = 0.346 X{653 xf3 X 2^ti6 R2 = 0.75 
where Y is the value of output in I.L., Xj is the total quantity of water 
per year in cubic meters, Xg is the number of labor days estimated on a 
normative basis and X^ is current cash expenses in I.L., with costs of 
water and hired labor excluded. 
The production function refers to relatively fixed owned land area 
of lb.5 dunams per farm, on the average, with slight divergencies from the 
average for the different villages. 
During the process of estimation of the production function, differ­
ences in elevation of the production surface were observed for the three 
villages of the field crop farms. Consequently two "shifting variables" 
were introduced to discriminate among the three villages. They were de­
fined as: 
X^ = l(with loglQl = 0) for each farm in village Û or E; 
= 10(with log^glO =1) for each farm in village F. 
^One farm out of the 25 from which data were available was excluded 
as highly divergent from the sample. 
1*9 
Xg ~ l(with log^yl = 0) for each farm, in village D or F; 
= 10(with log-^lO = 1) for eacn farm in village E. 
The production function b.ti corresponds to average values of X^ and 
and represents an "averaged" function for the three villages. There 
appears to be not much interest in describing the separate production 
functions for the three villages, because the procedure involved in using 
shifting variables, preassûmes that the elasticity coefficients are iden­
tical for the three villages, and that the functions (in logarithms) differ 
only with respect to their elevation, i.e., the value of the intercept bQ. 
Furthermore, it is rather the averaged value of the intercept which is of 
interest. 
The results of the test of significance of the elasticity coeffi­
cients are shown in Table 11. While the elasticity coefficient of water 
is significant at 0.02 probability level, the coefficient of cash ex­
penses can be hardly considered as significant by the conventional stand­
ards. The standard error of the estimated coefficient of labor is larger 
Table 11. Level of significance of elasticity coefficients in field 
crop faras production function 
Elasticity Probability 
Resource coefficient t value level for t 
Water .653 2.80 P <.02 
Labor .193 .65 P> .50 
Current expenses .286 1.1*8 PC.20 
H -ÏL . 
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than the coefficient itself. The statistical logic in such a case will 
dictate the exclusion of this variable from the estimated function. It is 
not excluded here, however, in order to maintain conformity with the eco­
nomic model, where labor is an essential factor. However, the magnitude 
of the standard error involved should be kept in mind. 
The marginal value products of the resources and related data are 
shown in Table 12. As this table shows, the MVP of water is higher than 
Table 12. Marginal value products of resources at their geometric means 
and related data on field crop farms 
Resource 
Geometric 
mean 
MVP 
I.L. 
Standard 
error of 
MVP 
I.L. 
Market price 
of resource 
I.L. 
t value of 
departure 
from 
market price' 
Water Hi,650 c.m. .21b .078 .050 2.16** 
Labor 362 days 2.602 3.987 6.000 .85* 
Current 
expenses 1,911* I.L. .731 .1*93 1.050 .65* 
P < .05; * P> .50. 
its price. The difference is significant at a 5 percent probability 
level. The differences between the MVP's of other resources and their 
prices are not significant. 
Comments on the meaning of the marginal value products and the 
prices of the resources are the same as for the daizy farms and need not 
be repeated. It should be only pointed out that as in the case of daizy 
farms, for field crop farms other survey data suggest that water was 
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underused. The actual quantities of water used were on the average 82 
percent of the agronomic norms on village D, 100 percent on village £, 
and 89 percent on village F. The meaningfulness of these norms was dis­
cussed in reference to the dairy farms. 
The sum of elasticities of the estimated production function of the 
field crop farms is 1.13. A one-sided test of significance for increasing 
returns to scale yields a t value of 0.626, which is not significant at 
an acceptable probability level. Consequently a tendency towards constant 
returns to scale rather than increasing returns may be concluded. 
Comparison of Resource Productivity on tne Two Types 
The productivities of the resources on the two types of farms were 
compared and tested for differences. The comparison was performed at the 
arithmetic means of the resource inputs of the dairy farms and adjusted 
means of the resource inputs on the field crop farms. The adjustment was 
made on the assumptions that: (a) the land area of the two types of farms 
should be equal (according to land allocation decisions of the Planning 
Board for Agriculture in Israel) whereas in the sample the average land 
area per farm was 18.8 dunams on the dairy farms and 18.6 dunams on the 
field crop farms; and (b) adjustment of the land area implies proportional 
adjustment in other resources. Namely, the means of all resource inputs 
on the field crop farms were multiplied by a common factor k * 18.8/18.6. 
Shifting from the geometric means of factors to the levels applied, 
introduces somewhat increased error in the estimates. However, this 
situation must be met in any case if the comparison is to be performed at 
comparable levels of the inputs. Furthermore, the differences between the 
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geometric means and the arithmetic means (for field crop farms - adjusted 
arithmetic means) were small for all factors on the two types, the highest 
difference being 10 percent of the lower value of the two kinds of means. 
The marginal productivities on the two types of farming and the dif­
ferences are shown in Table 13. This table shows that differences between 
Table 13. Comparison of marginal productivities of resources on dairy 
and field crop farms 
MVP at arithmetic Difference 
Resource mean,* I.L. I.L. Value of t*^ 
Daily Field crops 
Water .178 .217 .039 «42#* 
Labor 2.602 2.501 .021 .ook** 
Current expenses .330 .714 .38k .67** 
*The arithmetic means for the field crop farms were adjusted as 
explained in the text. 
^The definition of t* is given in the text. 
c** P> .50. 
the productivities of all three resources compared on the two types are 
not significant. In particular the differences between the productivities 
of water and labor are very small. The difference for current expenses 
is relatively higher but still not significant. 
The t* in column five of Table 13 is defined as: 
MVP-n - MVPT (U.io) t* D F 
fvar(MVF*j + Var(MVPÎ) i yy -
where MVPp and MVPp are the marginal value products of the resources at 
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the levels compared on dairy and field crop farms, and Var(MVP*) and 
Var(MVPp) are the estimated variances of the MVP's at the geometric means 
of the resources. Obviously t* is larger than the conventional Student's 
t in which the (greater) estimated variances of the MVP's at the exact 
level of the resources would have been employed. It follows that if ta­
is not significant, so will Student's t be not significant. The gain is 
in avoiding unnecessary computations. Obviously, t* may be used only for 
non-significant results. 
Application of the t statistic not exactly at the geometrical means 
of the variables provides an approximate test only. At tne geometric 
means of all variables we have: 
where Yr is the estimated level of tne product in the r-th farm type, 
Yr is the level of the product at its sample geometric mean for the r-th 
farm type and is the i-th input in the r-th farm type. 
Since the b r^'s are statistically independent of the (corresponding) 
Yp's, then for any two sample values of Yp (r • 1, 2) the conditional dis­
tribution of 
is normal with a given mean and variance, according to the assumptions 
previously made with respect to the distribution of log Yr. Also the 
estimate of the variance of expression i|.12, conditionally computed for 
(lull) 
(iu!2) 
given values of 7r (r = 1,2) is independent of the b^'s. Consequently, 
at the geometric means of all variables (to which 7^ corresponds, and 
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where ïp • Y^) application of the t statistic for testing for differences 
in MVP's is correct in a conditional sense. However, apart from the 
geometric means, given the expression 
—G 
b- Y y b.Y_ 
(U.13) h-VP = -2L1 / -A-E 
" ir ir 
the independence of Yr and b r^ does not hold any more and the previous 
reasoning with respect to the distribution of 4.12 does not hold. Never­
theless, since the t* test 4.10 of the equality of marginal productivities 
of resources on dairy and field crop farming was performed at levels of 
resources diverging only slightly from their geometrical means, it seems 
that the test applied may be considered as an appropriate approximation. 
The low values of t#, which would have been even lower if the exact vari­
ances were applied, increase tne confidence in the results obtained. 
Limitations of the Estimates 
The difficulties involved in production function analysis arise 
mainly from the fact that the production function model specifies condi­
tions which can be only approximately fulfilled in an empirical farm man­
agement study. The model applied assumes existence of a single "true" 
production function in the population, with all the variables being homo­
geneous from the point of view of their functional relationships. It 
follows that the model in its strict sense may be applied only to homo­
geneous farm samples with a coimion production function and functionally 
homogeneous variables. 
The homogeneity of the dairy farm sample was partly tested through 
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an attempt to construct management index in which discriminating vari­
ables among the villages were included. This index, the construction of 
which is described in the nexb chapter, was not significant whan intro­
duced into the production function. A more meaningful test was performed 
by computing separate regressions for the three villages and testing the 
significance of the reduction in the residual sum of squares as compared 
with an overall regression. The reduction in the sum of squares due to 
estimating separate functions was non-significant (F = 0.1(0 as compared 
with 2.8h required at 0.05 probability level). Namely, one comnon produc­
tion function can be applied to the three villages. Obviously, it is 
impossible to prove that the sample is homogeneous. The most that can be 
done is not to reject the hypothesis of homogeneity. Greater confidence 
in this conclusion might have been achieved if similar tests had been 
applied to various schemes of partitioning of the sample. However, con­
sidering (by inspection of the data) the villages as the most outstanding 
criteria for stratification, further tests have not been performed. The 
inter-village differences in the field crop farms sample have been partly 
accounted for by introducing shifting variables as previously described. 
The question of whether or not the sample data conform to the single 
enterprise or multi-enterprise model was discussed in an earlier section. 
This question could have been tested if the inputs were distinguishable 
by enterprises using them. This, however, was not the case. If in 
reality two or more separate functions by the nature of the enterprise 
exist, by applying a single production function one estimates actually 
a "pseudoproduction function" or a "mongrel" production function, rather 
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than a "true" single function. 
The management factor has not been included as a variable in the 
production functions estimated. An attempt to incorporate management in 
the analysis for the dairy farms is described in the next chapter. The 
indices of management introduced there turned out to be statistically non­
significant and were not included in the production function. The aim of 
the sampling scheme was to equalize the management factor throughout the 
samples, but no evidence is available to determine whether or not this aim 
was attained. If the management factor was actually subject to variation 
within the samples, its omission from the analysis may result in biases 
in the estimated coefficients. More specifically, if management is posi­
tively correlated with the inputs included in the function there will be 
a tendency to overestimate the regression coefficients; and if propor­
tional changes in the included inputs are associated with less than propor­
tional changes in management the nature of returns to scale is underesti­
mated. Also, the nature of returns to scale is underestimated in such a 
situation.^ However, it is doubtful that positive correlation or any corre­
lation at all between management and the other inputs can be assumed for 
the farms in the two samples. It seems that the policy of some good 
farmers is to develop their farms slowly within the limits of their man­
agerial ability. Others expand their operations too much and as a result 
they "lose control" over the farm and become poor managers. On the other 
hand, there are farmers who succeeded in expanding their farms probably 
just because they are good managers. On the whole it is difficult to 
^A detailed analysis of these relations is given by Griliches (16). 
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speculate what, if any, is the possible influence of misinclusion of the 
management factor in the function. 
The fixed capital (the major categories of which are irrigation 
equipment and buildings) has not been included as a variable in the pro­
duction function of the field crop farms. It was hypothesized that this 
factor was not strictly related to production; almost all of the capital 
assets on the field crop farms were provided by the Department of Settle­
ment rather than acquired by farmers according to the current needs of 
production. In some cases excess capacity of buildings was observed. 
Some kinds of farm buildings were built according to their final plans 
and were not fully utilized in the year of the survqy. An attempt to in­
corporate fixed capital in the analysis (on the basis of current replace­
ment value) yielded a small negative (b = -0.04) and non-significant elas­
ticity coefficient. Further stucty- is needed to analyze the specific con­
tributions to production by various components of the fixed capital. On 
the dairy farms the major category of the fixed capital (one half of the 
total assets after deduction of the assets related to poultry) was 
accounted for by dairy livestock, the contribution of which to production 
was discussed earlier in this chapter. It should be also noted that the 
services of some essential capital asserts, such as farm machinery, stores 
and marketing pools, managed by the village cooperatives, were accounted 
for in the "current expenses" variable. 
The land factor was considered as fixed at the average level, whereas 
in reality there were slight variations around the average. Misinclusion 
of land introduces "error in the equation", which is consistent with the 
statistical model assumed. 
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The last group of limitations arises from nonhomogeneity of the input 
categories and aggregation over inputs. At first glance irrigation water 
appears to be a homogeneous input; however, one may expect differences in 
use of water with respect to the correct timing. Obviously, the produc­
tivity of the same quantity of water applied at the appropriate time is 
not the same as if applied earlier or later. In view of the evident 
existing substitution between quantity and "quality" (i.e., timing) of 
water inputs, the previous conclusion with respect to underuse of the 
water resource should be reformulated as follows : water is underused on 
the two types of farms, in terms of either quantities or correct timing, 
or both. Labor too is a nonhomogeneous factor by its very nature. To 
overcome this difficulty normative labor inputs were used. The greatest 
difficulty arises with respect to the current cash expenses which repre­
sent purchases of seeds, fertilizers, chemicals, feeding stuffs, hired 
labor, hired machinery and other current costs. 
The general effect of nonhomogeneity of inputs is one of reducing the 
multiple correlation coefficient and increasing the errors of estimates. 
It does not bias the estimates if the high productivity components of the 
aggregated factor and the low productivity components are randomly dis­
tributed. However, if the proportion of high and low productivity com­
ponents of a factor is correlated with the level of the use of this factor 
or with quantities of other factors, biased estimates are obtained. Fur­
ther study is needed to provide indication on the nature of possible 
biases if any. 
In this section of the study, production functions for the two 
types of farming have been derived as a means towards estimation of 
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resource productivity. While in both types divergencies between the MVP's 
of the resources and corresponding market prices have been observed in 
either direction, no significant difference has been found between the 
productivity of the same resources on the two types. The numerical re­
sults themselves should be referred to as approximations, due to the lim­
itations of the analysis as indicated above. Most of the limitations are 
rather common to most Cobb-Douglas production function studies; some are 
specific to this particular study and the nature of the data available. 
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METHODOLOGICAL CONSIDERATIONS AND AN ATTEMPT 
TO EVALUATE THE MANAGEMENT FACTOR 
Foreword to the Chapter 
As mentioned in a previous chapter, the sampling scheme of the 1957 
survey aimed to equalize the level of the management factor on the sample 
farms• However, while summarizing the results of the survey there was 
reason to suspect that even though the level of management between the two 
groups investigated might be fairly comparable on the average, non-
negligible variation in the management factor "within" the samples could 
exist. This suspicion was based mainly on the subjective evaluation of 
the survey interviewer. In consequence, it was considered as appropriate 
to utilize all the data available in an attempt to evaluate the management 
factor. Already in an early stage of the analysis it was recognized that 
the data available were not sufficient for a fully meaningful analysis. 
It was impossible also to obtain additional data (from Israel). However, 
having in mind that even partial evaluation of the management factor is 
important for improving the estimates of the production function, it was 
decided to attempt the forthcoming analysis. 
This chapter emphasizes the conceptual framework and methodological 
considerations of studying the management factor. Due to the limited data 
available the empirical analysis is only a partial counterpart to the 
general discussion. However, the empirical analysis may be completed in 
the future, or the general approach outlined may be utilized in a new 
study. 
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Conceptual Framework 
Management may be broadly defined as the act or art of treating, 
directing, carrying on or using means to accomplish ultimate ends. Whether 
or not the ends are given, or whether it is a function of management to 
define the ends, is a point for debate. In a somewhat idealized situation 
the ultimate ends may be assumed as given or known a priori to the man­
agerial authority and only the intermediate ends should be decided upon. 
However, the intermediate ends may be regarded as means towards achieve­
ment of the ultimate ends. 
The above definition of management is very wide and would apply to 
political, social, as well as to economic institutions. Delimitation and 
specification of this definition to one of the management of a family farm 
lead to delineation of the means and tne enas relevant to the farm and, 
finally, to an operational definition. 
The role of management in agriculture has been extensively analyzed 
by Heady (22, pp. 465-467). Heady distinguishes between two different 
major roles of management. The first one is "coordination" which is in­
volved in collecting of information and formulation of expectations, mak­
ing decisions, putting the plan into action and, finally, bearing the con­
sequences of the outcomes. The second role, according to Heady, is 
"supervision" which is concerned with the actual implementation of the 
plans. Heady considers supervision as an activity of a lower order nature 
and prefers to look upon management as synonymous with coordination. How­
ever, on the newly established farms considered in this study, it is the 
supervision activity - the knowledge and the skill to perform efficiently 
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and in due time the work on the farm - that very often is the bottleneck 
of the production process. Therefore, for the present purpose, management 
will be referred to in its wider sense, as comprising both coordination 
and supervision. 
Management has been already fully recognized by Marshal (UO) as a 
factor of production and today is generally considered by economists as an 
essential input in a production process. However, even though there exists 
rather extensive literature on the qualitative aspects of management 
(especially with reference to industry and business) very little has been 
done to evaluate management quantitatively as an input in a production 
process and to estimate the contribution of that input to output. 
The main drawback in a quantitative approach to management is involved 
in the difficulty to measure the managerial input. This difficulty is not 
unique to the managerial input alone; it is frequently met when one comes 
to measure any other input. However, when dealing with management, the 
problems of measurement are vastly increased. With respect to an input 
of any production factor one is interested in the actual amount of the 
resources used with a standard quality. For production factors other 
than management, data about the quantity of inputs are generally avail­
able, and only standardization of the quality imposes difficulties. Deal­
ing with management, both the quality and the quantity are difficult to 
evaluate. The difficulty of measurement of input is more emphasized due 
to the great diversity of managerial activities and extremely wide range 
of qualities in performing these activities, management may be regarded 
as a complex of qualities of human behaviour rather than a physical quan­
tity of any kind. In a sense it is an art, a set of abilities to antici­
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pate outcomes and "to work through things". As such, the quantitative 
aspects of managerial inputs may be regarded as of minor importance. In­
deed, it does not matter how much time a farmer devotes to arriving at a 
decision, but rather it is the correctness of the decision which is im­
portant. 
As in other fields of human behaviour, the exact input of management 
cannot be measured, at least at the present level of knowledge. But it 
would be logical to attempt to find measurable attributes which: 
(a) May be logically considered as related to managerial inputs. 
(b) Will be found empirically related to measures of success of the 
managerial activity. 
This leads to an attempt to construct an index or indices of man­
agerial input and to an empirical verification of the validity of the 
attempted indices. An approach towards construction of such an index is 
the subject of this chapter. 
The interest in evaluation of the management factor is twofold: 
(a) To avoid specification bias in the estimation of the production 
function which may arise through misinclusion of management. 
(b ) To make inferences regarding the relative value of the various 
components of the managerial input. 
The first reason, namely the willingness to avoid specification bias, 
has been discussed in the last chapter and the considerations pointed out 
there need not be repeated. 
The second reason, i.£., the willingness to make inferences regarding 
the relative importance of various components of management, has in view 
a possible contribution towards improving management. With this purpose 
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in mind one may distinguish between two categories of factors which con­
tribute to the level of management, namely: (a) the personal character­
istics and mental abilities of the farmers; and (b) the methods and tech­
niques used by the farmers in performing their managerial activities. 
Understanding of the relationship between personal characteristics 
and success in management of a farm is essential from the point of view 
of vocational guidance. Vocational guidance has been expanded in recent 
years in many fields and there are good reasons to expect it to be useful 
in agriculture too. This is probably true with respect to Israel where 
an inflow of labor force to agriculture prevails. Also in the United 
States, where a net outflow of labor force from agriculture prevails, it 
would be useful for the young farm generation (which cannot judge on suc­
cess in farming due to lack of previous experience) to get advice on the 
prospective success in farming as compared with alternative professions. 
In order to provide such guidance the relationship between the various 
personal abilities as classified by psychometricians and the success in 
farming should be known. 
On the other hand the knowledge of validity of the various managerial 
techniques is important from the point of view of extension. Here the 
interest lies in the relative value of various procedures followed by the 
farmers in their managerial capacity, i.e., the way they collect informa­
tion, formulate explications, derive their decisions and so on. Once the 
link between the relative value of various managerial "methods" is recog­
nized, the extension service may provide guidance to farmers towards im­
proving the level of management by shifting to more promising managerial 
methods. 
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It should be noted that each one of the above discussed motivations 
for evaluating management imposes different but not contradictory require­
ments on the index or indices of management to be constructed. For im­
proving the estimate of production function any index will be satisfactory. 
For the purposes of vocational guidance the index or indices should be 
expressed in terms of psychometric criteria such as factors of "verbal", 
"number" or "perceptional speed" proficiency, and other criteria applied 
in psychometric tests. From the point of view of extension the index or 
the indices should be constructed from criteria based on various managerial 
techniques. 
Methodological Considerations 
Concluding the preceding discussion it may be said that for empirical 
evaluation of the management factor the need arises for: 
(a) An index or indices of variables which may be logically con­
sidered as related to the managerial input. 
(b) An objective measure of the success of management, which may be 
used for verification of the validity of the input index or 
indices constructed. 
In an attempt to construct an index of management some workers (I4I, 
2) applied a system of rating of the level of management on the basis of 
various criteria such as the degree of knowledge of farming practices, 
the rationale of decisions, and some observable characteristics of the 
farmyard. Such a scoring system should be criticised on the grounds 
that it draws heavily on subjective evaluation of the relative importance 
of the various components of the managerial, input, instead of assigning 
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the relative weights to these components in an objective way. 
A different approach (20) has suggested that the residuals from an 
empirically estimated production function may be considered as represent­
ing the share of the management factor in output and an error term. This 
approach assumes that except to management there are no "errors in the 
equation" of the production function i.e., that the production function 
takes completely into account all other inputs. Such an assumption can 
hardly be justified in most production function studies and certainly 
cannot be assumed in the present study. 
Besides the difficulty of measuring the managerial input, another 
great difficulty arises due to lack of a definite and objective criterion 
for measuring the output or the success of the managerial input. Is it the 
net income per farm, the net income per unit of labor, or per unit of 
capital invested? May it be expressed in terms of yields of crops and 
productivity of livestock? If a single criterion for success in manage­
ment were available it would have been possible to run a regression of 
the managerial output on various managerial input variables or indices 
and the analysis of management could have been highly simplified. 
There seem to be two ways to overcome the difficulty arising from 
lade of a single success criterion. One way is to construct an index of 
the managerial output by combining various success criteria. Given a set 
of managerial input variables and a second set of managerial output vari­
ables, combining the two sets by a cannonical correlation, two indices, 
namely an index of managerial input and an index of managerial output, may 
be obtained at the same time, furthermore, these indices, constructed as 
linear combinations of the basic variables, provide the relative weights 
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(i.e., the Importance) of the basic variables. Another way is to avoid 
all direct evaluation of the success in management, and to measure the 
relative effectiveness of the managerial inputs through production func­
tion analysis. The two approaches, the cannonical correlation approach 
and the production function approach, may be regarded as complementary. 
The advantage of the cannonical correlation approach is that it avoids 
the work involved in estimation of production function. However, the 
objectiveness of measuring the managerial success through cannonical cor­
relation may be questioned. On the other hand, if the ultimate goal of 
the managerial input may be regarded as an increase in the gross output, 
other factors being given, then the measure of the managerial success may 
be objectively provided by production function analysis, with management 
as an independent variable. The production function will show whether the 
contribution of the managerial input is statistically significant or not. 
Furthermore, the marginal productivity of the managerial input may be 
estimated too. In this study the production function approach will be 
directly attempted, i.e., an attempt will be made to construct an index 
or indices of managerial inputs and test their significance through the 
production function. 
In an attempt to construct an index of managerial input one is con­
fronted with a very large number of variables which may be reasonably re­
garded as related to managerial input. Hany of these variables represent 
various aspects of human ability or human behavior. 
An idea about the magnitude of the nunber of variables related to 
management may be provided by a study of management by Eeiss (ZU) who 
counted up to 328 different items applying either to job proficiency or 
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personal characteristics. Whether or not Reiss was too generous in in­
cluding variables in his study, the number of the relevant variables is 
likely to be large. 
• A methodology suited to deal with this kind of situation arises from 
a subfield of psychology and is known as factorial analysis. Factorial 
analysis is a body of methods by which the relationships among a group of 
variables may be accounted for by a smaller number of variables or fac­
tors. Essentially this is a mathematical procedure developed as an exten­
sion of the ordinary device of correlation, i-'or example, given n observa­
tions of p measurable characteristics the nomoer of the mutual correlation 
coefficients between the p characteristics is p(p-l)/2. factorial anal­
ysis attempts to obtain a number, say r, of factors which practically 
account for the intercorrelations, with possibly r (the number of fac­
tors) being smaller than p (the number of the primary variables). The 
r factors summarize the characteristics of the original variables, ex­
cluding that part of the variation which is unique to each single vari­
able and is not common to other variables. 
A more detailed discussion of the general background of factorial 
analysis and its rationale may be found in Vernon (55), or Burt (6). 
Vernon also provides some factual information on the practical applica­
tion of factorial analysis in the United States and Great Britain. A 
more specific discussion of the methods of factorial analysis may be 
found in Thomson (50) or Thurstone (51). Following Burt (6, pp. 3-71) 
the rationale and the reasons for factorial analysis may be outlined 
briefly as follows : 
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(a) Description - Dealing with large number of variables a need for 
systématisation and classification arises. Given a set of in-
tercorrelated variables, it is useful to ask whether it is pos­
sible to construct some additional variates, which would account 
for the associations among tne observed variables. These addi­
tional variates (the factors) whether real and meaningful or 
abstract, provide a frame for classification of the oasic vari­
ables and individuals. Furthermore, if the factors, which are 
expressed as linear combinations of the observed variables, are 
orthogonal (and in part of the methods of factor analysis they 
are constructed as such), they provide a coordinate system 
within which the position of each individual is easily identified. 
(b) Prediction - So lory as the correlations used for descriptive 
purposes are not yet fully explicable, from a functional stand­
point any inference based upon factorial results is subject to 
all the limitations of an empirical induction. Yet if the ob­
served variables and their intercorrelations are reduced to the 
frame of factors known from previous studies, the basis for in­
ference increases due to the possibility of combining the present 
results with previous knowledge. The prediction aspect is 
especially important from the point of view of vocational guid­
ance. 
(c) Causal explanation - Some factorists tend to regard the psycho­
logical factors as more real and more objective than the actions 
from which they are inferred. Consequently, factors are accorded, 
a superior predictive power, not only because they are tacitly 
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assumed to process a more concrete and more permanent nature than 
a particular behaviour, but also because they are held to be the 
true producers of the performances that are observed. 
It should be noted that while the descriptive usefulness of factorial 
methods is generally recognized, the merit of factors for causal inter­
pretation and prediction is subject to controversy. The point of view of 
Burt (6, p. 71) on the value of the factors may be summarized as follows : 
"Their primary use is descriptive merely; and only after we have determined 
what precisely it is they describe, can we decide whether they have an in­
terferential and possibly a causal significance as well." 
Factorial analysis has been primarily developed by psychologists, 
but its application has been extended to other fields. Citing Thurstone 
(51, P. i>5): 
The factorial methods were developed primarily for the purpose 
of identifying the principal dimensions or categories of men­
tality; but the methods are general, so that they have been 
found useful for other psychological problems and other sci­
ences as well. Factor analysis can be regarded as a general 
scientific method. 
Indeed factorial analysis has been applied to construction of index 
numbers in fields other than psychology. References and description of 
several applications in economics are given by Tintner (52, pp. 107-114) 
and in sociology by Hagood and Price (17, pp. 523-$k7)» 
When used to evaluate management, factorial analysis may be applied 
either simply as a method of construction of index numbers, or more 
ambitiously, as a method of psychometric analysis of management. The 
more ambitious approach with the goal of deeper understanding of the man­
agerial attributes and activities implies apparently a cooperative study 
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of agricultural economists and factorial psychologists. 
There are various methods of factorization. One of them, due to 
Hoteiling (27), known as the method of "principal components", is applied 
in this study. A concise presentation of the mathematical model of prin­
cipal components is given in the next section. 
The Statistical Model of Principal Components 
Principal components are normalized linear combinations of tne ob­
served variables with special properties in terms of variance. The first 
principal component is the normalized linear combination with maximum vari­
ance. The second principal component is the second normalized linear 
combination, which is orthogonal to the first one, and accounts for the 
maximum of the residual variance after the first component. The successive 
components are orthogonal to the preceding ones and each one accounts for 
the maximum of the residual variability. It may be that most of the vari­
ation in the observable variables, resides in a few principal components. 
In this case the study of the variability in the observable variables may 
be reduced to the study of tne components. 
Let us consider the principal components in a population. Suppose a 
random column vector^ z composed of p standardized variables: 
From now on a small case letter will be used to denote a single 
variable, an underlined small case letter to denote a vector, and a 
capital letter to denote a matrix. This notation is different from that 
used in previous chapters where a capital letter was used to denote a 
variable (in order to provide space for subscripts and super scripts). 
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(5.1) 2 - (0,1) 
( i s 1, 2, .., p) 
The first principal component is a linear combination of the variables 
zi: 
(5.2) 
such that: 
P 
u, = k,z, + k^Zo ... + ... 1 VI 2 2 +kp2 
(5.3) E kf = 1 
i=l 
and : Var ( ) - ~> max. 
Using matrix notation the variance of is given by: 
(5.U) Var(u^) • E(k'a)^ = ^(k'az'k) = k'Zk 
where k is column vector of k^ coefficients (i s 1, 2, ..., p), k' is the 
transposed k vector and S is the covariance matrix of the z^'s. Since 
/2. Cz^  3 1 for all z^ tne covariance matrix of the z^'s is identical with 
the correlation matrix, because: 
= P ij ^ i ^ j = Pij 
Hence the variance of the first principal component becomes: 
(5.6) Var(u1) • k'j[k = k'Rk 
where R is correlation matrix of the z^'s in the population. To obtain 
maximum variance for U]_ subject to k'k = 1 we form the Lagrangean expres­
sion: 
(5.7) F = k'Rk - X(k'k - 1) 
Taking partial derivatives with respect to the k^'s and equating to zero 
we get: 
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(5.b) -^1 . 2Rk - 2 Ak = Q 
or: (K - Xl)k - 0 
For a solution of $.6 X should satisfy the determinantal equation: 
(5.9J |R - xi| - o 
where X is the latent root of the correlation matrix h and k is the 
characteristic vector corresponding to X . We consider a case where R 
is of full rank and has p roots. 
Considering 5.0 and multiplying on the left by k' we get: 
(5.10) k'tik = X k'k - A 
But from 5.6 k'Rk is tne variance of k'z. Thus for maximum variance, i.e., 
for the first principal component, the largest latent root A ^ and the 
corresponding normalized characteristic vector k^ of n should be used. 
Let Ujl • k^*z be the first principal component, i.e., tne normalized 
linear combination with maximum variance. To find another linear combina­
tion kgZ with maximum variance and ortnogonal with u^ we impose the con­
dition of orthogonality: 
(5.11) E kpz U]_ • 0 
We impose also that k^kg = 1 and proceed in a similar way as from 5.7 on. 
It may be shown (1, pp. 274-275) that the second largest root of the 
matrix R will be the variance of the second principal component. Finally 
it may be shown that if R is of rank p, p principal components exist. How­
ever, we are usually interested only in those few first components which 
count for the major part of the variability in the observable variables. 
Considering the relations in a sample, the derivation of principal 
components is essentially the same, except for substituting the population 
7h 
correlation coefficients P jj by sample correlation coefficients r^. 
More details on principal components may be found in (2?j 1, pp. 
272-251; 50, pp. 66-00). 
The Empirical Analysis 
The variables available for the analysis of management on the dairy 
farms were: 
w* - the average rate of owned capital in I.L. accumulated per year 
of farming. This variable may be regarded as a measure of pre­
vious success. 
w| - the education of the operator in years. 
wt / - discriminating variables between the villages. Since many of 
wh 
the managerial activities (marketing, purchasing of production 
materials, maintaining machinery pool and others) were performed 
by the cooperatives of the villages, the differences between the 
villages should be considered. It should be noted, however, that 
possible differences between villages must not be regarded as 
arising only from management. The discriminating variable 
was defined as 10(with log^lO = 1) for each farm in village A, 
and l(loglQl * 0) for villages B and C. The variable was 
defined as 10 for village B and 1 for villages A and J. 
wt - the experience on the farm in years. 
The variables were considered in their logarithms to provide con­
sistency with the variables included in the production function. "In the 
following analysis w. will be referred to as a logarithm of w?. J J 
75 
The correlation matrix b etween the logarithms of the above variables 
(r ) is presented in Table lit. Examination of this table reveals that 
swj 
the correlation coefficients between the various managerial variables are 
low in general. Indeed for some pairs of variables there is no a priori 
Table 14. Correlation matrix between the managerial variables on the 
dairy farms samplea 
Variable W1 W2 W3 W4 w5 
W1 1.00 .10 .5d — .01 
CM 
W2 1.00 .36 -.49 .32 
W3 
1.00 -.30 .49 
w4 
1.00 -.25 
W5 
1.00 
^Definition of the variables is given in the text. 
reason to expect high correlation. For example Wg (education) and w^ 
(experience on the present farm) must not be correlated at all. The pos­
itive correlation coefficients for w^ with all others, except w^, suggest 
that village A as distinguished from villages B and G was "richer" in the 
managerial attributes considered. On the other hand, the negative cor­
relation coefficients for with others suggest that village B as dis­
tinguished from A and C was poorer in managerial attributes. The cor­
relation coefficient of -.50 between w^ and w^ follows from the defini­
tion of these discriminating variables. 
The largest and the second largest latent roots of the sample cor-
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relation matrix R were computed by the iteration method of Hotelling 
described by Tint ne r (52, pp. 351-356). An acceleration process of rais­
ing the correlation matrix to the 8th power was applied. The two largest 
latent roots and the corresponding characteristic vectors are: 
\ = 2.i;50 
k-i = [.696 .731 1.000 -.737 .029] 
(5.12) -1 
X2 - 1.186 
kg = [l.000 -.754 .211 .833 .354] 
Recalling that A ^  is the variance of the first principal component, 
and that the total variance of the five standardized management variables 
equals five, it follows that the first principal component accounts for 
49 percent of the total variance. The second principal component accounts 
for ZU percent of the total variability. Thus, 73 percent of the total 
variability of the observed variables reside in the first two principal 
components. In consequence, the first two principal components may be 
regarded as fairly representative of the five managerial variables. 
To obtain the final expression of the principal components the char­
acteristic vectors k^ and kg were normalized and standardized, namely the 
elements of the characteristic vectors were divided by the square root of 
their sum of squares ana divided by the square root of the corresponding 
A , the variance. The two principal components thus become: 
u, = .247%! +- .259z„ + .354zo - .261z, + .294zc 
(5.13) 2 3 " 5 
Ug = »579Z]_ - .436z2 + .122z^ -t- .511a^ + »205z^ 
where the z^'s are the standardized w\'s. 
The two managerial indices u-^ and Ug thus derived were computed for 
each one of the 30 farms in the dairy farm sample. The two indices were 
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further considered as two additional input variables in the production 
function of the dairy farms. However, incorporating of these two vari­
ables into the production function did not improve the estimate of the 
function. The F ratio, computed for the test of significance of reduction 
in the unexplained sum of squares due to these two additional variables, 
was 2.67, whereas the required value at 5 percent level of probability is 
F = 3.U2. 
In view of these results and the limited amount of data available, 
the analysis was discontinued at this stage and no further manipulations 
with the data were attempted. Also no attempt was made to evaluate man­
agement on the field crop farms. 
The non-significance of these managerial indices may be due to one of 
the following factors or any combination of them: 
(a) The criteria available and used to construct the managerial 
indices do not fully represent the management factor. 
(b ) The variability in the managerial variables considered is not 
significant. Consequently, management (.to the extent that it is 
represented by these variables) can be considered as a fixed 
factor in the production function. If this is the case, the 
omission of the management from the production function does not 
involve a bias. 
(c) Tne sample size is too small for evaluating management, which is 
an aspect of human behaviour, and as such requires larger samples 
for its investigation. 
From the non-significant results for the management factor, whether 
they were due to low variability in the level of management or because this 
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factor was not accounted for appropriately in the analysis, one should not 
infer that management was satisfactory on the sample farms. Other survey 
data suggest the existence of considerable inefficiencies in management 
of the farms of the two types. 
On the dairy farms the main inefficiencies were inappropriate feed­
ing rations and low yield of milk per cow (3,1>5 liters per cow or 79 
percent of the "normal"^). 
The main shortcomings detected on the field crop farms were a com­
paratively small area of intensive vegetables, which raise high income 
per land unit area; low yields of cotton (230 kg. par dunam or 63 percent 
of the no mal ) and peanuts (265 kg. per dunam or 08 percent of the normal ). 
Also the efficiency of using the means of production, sucn as hired 
machinery, fertilizers and other production materials is highly question­
able for the two types. 
1"Normal" yield is referred to as the average yield obtainable under 
average level of management. The "normal" yields are based on averages 
from well established farms and information provided by the extension 
officers in the region. 
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DAIRY AND FIELD CROP FARMING IN 1957 COMPARED -
SUMMARY OF PART I 
The comparison of the two types of farming in the North Western Negev 
is based on a sample of 30 daily farms and 25 field crop farms which repre­
sent the upper category of family farms in the region in 1957. 
The comparison of the quantities of productive resources suggests 
that except for the level of capital investment no considerable differ­
ences existed on the average between the two types of farms: 
(a) The average cultivable land area was Id.6 dunams on the dairy 
farms and 18.5 dunams on the field crop farms. 
(b) The average quantities of irrigation water used were 15,340 and 
13,544 cubic meters, respectively, for the two types of farms. 
(c) The average input of labor estimated on a normative basis was 
352 labor days (of 10 hours per day) on the dairy farms as com­
pared with 337-341 on the field crop farms. 
It should be noted that on well established family farms the number 
of "labor days" provided by the members of the family amounts to 500 per 
year or more. Thus, the potential labor force of the families investi­
gated was not fully utilized on their farms. The reason for the relative 
underemployment is the low level of development of the farms in terms of 
the resources at their disposition. Almost all the operators included in 
the survey (100 percent on the dairy farms and 96 percent on the field 
crop farms) had some kind of off farm employment, including employment 
in productive and service activities in the village cooperatives. On the 
other hand, hired labor was used on the farms to the extent of 17 percent 
of all labor input on the dairy farms and 27 percent on the field crop 
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farms. The fact of having jobs off the farm and at the same time hiring 
hands for farm work, may be partly explained in terms of a temporary need 
for large work teams to accomplish harvest jobs (mainly on field crop 
farms) and the need to meet the obligations of off farm permanent employ­
ment. 
(d) Comparison of the personal data in terms of age, previous educa­
tion and present farming experience, suggests no difference on 
the average between the two groups, or possibly only some advan­
tage to be given to dairy farms which were established earlier. 
(e) The major difference exists with respect to capital investment. 
The value of the productive assets amounted to 14,200 I.L. on the 
dairy farms, as compared with 6,074 I.L. on the field crop farms. 
The difference of 0,126 I.L. is explained in terras of the value 
of livestock (6,400 I.L.) and dairy barns. 
There also is a significant difference with respect to owned capital. 
Almost all of the owned capital on dairy farms comes from livestock appre­
ciation. The total livestock appreciation was estimated at h,àbO I.L. 
per average dairy farm which comprised one third of the total production 
assets. On the other hand the amount of owned capital on the field crop 
farms was negligible. 
The field crop farms do not have a process of capital accumulation 
equivalent to that of appreciation of dairy cattle on dairy farms. Indeedj 
this natural accumulation of capital may be regarded as a significant 
advantage of the dairy farm. In particular, the process of accumulation 
is convenient to the farmer since it implies gradual saving incorporated 
with the current production rather than high expenses once at a time. 
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The capital accumulated in livestock is highly liquid and provides the 
farmers with a feeling of economic security. 
The opportunities for capital accumulation on field crop farms are 
considerably fewer and less attractive. They are restricted to purchase 
of farm equipment, expanding of fruit orchards and real estate assets 
which are much less liquid than livestock, and which may be also question­
able from the point of view of their profitability under prevailing condi­
tions. 
It should be noted that a comparison of two types of farming does 
not imply necessarily that the quantities of resources at the disposition 
of the farms should be equal. Once the type of the farm and its land area 
are determined, then for a given price structure and given technology, 
the optimal inputs of other factors are (at least theoretically) predeter­
mined by the profit maximization criterion. The type of farm, its size 
in terms of land and the level of the other resources are sometimes so 
closely interwoven that the separation of the effects of the type of the 
farm from the effects of the levels of the resources, is very difficult. 
This difficulty is avoided in the present study. The difference in cap­
ital assets between the two groups is clearly inherent to the types of 
farming while the levels of other factors are very much alike. Thus, 
possible differences, if any, between the two groups may be regarded as 
arising from the different types of farming. 
Analysis of the criteria of profitability shows that the average net 
income (defined as gross output less cash expenses and depreciation costs) 
was 1,770 I.L. on the dairy farm and 1,250 I.L. on the field crop farm. 
Namely, the net income, which may be regarded as the main criterion of 
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of profitability, was higher by nearly 500 I.L. on the dairy farms. How­
ever, analysis of variance of the net income suggests that the difference 
between the two groups is non-significant, due to large variability within 
the groups. In particular the differences "between" the villages were 
significant. The detailed table of the analysis of variance is presented 
in Table 40 in the Appendix. 
Moreover, it should be noted that the average net income from the 
poultry enterprise was positive at 150 I.L. on dairy farms and negative 
at -i50 I.L. on field crop farms, regarding poultry as not relevant to 
the type of farming and deducting its net income (or deficit) from the 
farms' total, the difference in the average net i.icome reduces to only 200 
I.L. 
While the net income was higher on the dairy farms the net cash in­
come (defined as value of sales less cash expenses ) averaged at 750 I.L. 
for the dairy farms and 1,410 I.L. for the field crop farm. The differ­
ent ranking of the two groups by the net income and the net cash income 
criteria reflects again the different character of the two types from the 
point of view of accumulation of capital. During the year of the survey 
(1957) the dairy farms accumulated 1.000 I.L. per farm on the average in 
livestock. 
As a partial substitute for dairy livestock, an attempt to introduce 
sheep husbandry into the field crop farms was made by the Department of 
Settlement. However, the importance of the sheep enterprise was neg­
ligible - it contributed only 2.3 percent to the total gross output on 
the field crop farms. Recently a program was started to introduce beef 
cattle to the field crop farms but the experience gained thus far does 
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not yet permit the drawing of any conclusions. 
Estimates of the marginal productivities of the resources do not sug­
gest significant differences in this respect between the two types of 
farms. This result implies that no one type should be preferred to an­
other in the short ran, while expansion and influx of additional resources 
to the farms are considered by the Department of Settlement. On the two 
types the marginal value product of water was significantly higher than 
the price of water as paid by the farmers, excluding the fixed costs of 
depreciation of the irrigation equipment. Consequently, for a given 
irrigation installation higher inputs of water are justified. However, 
since increasing of quantities of water per farm at present is possible 
only to a limited extent, the emphasis should be put on more efficient 
utilization of the water available in terms of improving the irrigation 
practices. This sec*. to be the most important recommendation with re­
spect to the utilization of resources. The marginal value product of 
current expenses on the dairy farms was significantly lower than the 
market price. This finding is not surprising in view of the low level 
of managerial capacity of the operators. Indeed, detailed examination of 
the management practices on the farms has shown considerable misuse of 
feeding stuffs and other production materials.^" Again more efficient use 
of the current expenses resource should be suggested. 
Finally, considering the resources, it should be recalled that the 
^"Management practices of major farm enterprises were described and 
discussed by the author in a progress report submitted to the Department 
of Settlement in 19t>8 in Israel (5ti ). 
two types of farms are yet underdeveloped as compared with their full 
development plans. The area of irrigated land at the disposition of the 
farms at present is about one half of the area stated in plans. The 
amount of capital presently invested on the daiiy farms on the average 
comprises h3 percent of the investment required for its full development 
plan, worked out in the second part of the study; the corresponding ratio 
for the field crop farm is 50 percent. 
Another basic problem relevant to the comparison of the two types of 
farms, is their relative degree of divergency between the present and 
normal level of management and their respective prospects of achieving a 
normal level of management. Clearly, raising the level of management 
and increasing efficiency of the farms is a major problem at present. 
Dairy husbandry managed inefficiently will be less profitable than an 
efficient growing of cotton and other field crops, and vice versa. 
Tho comparison of the two types of fanning cannot be restricted only 
to the criteria provided by the static theory of the firm. This is 
especially true in the present case because with respect to goals other 
than maximizing the current profit, dairy farming has some substantial 
advantages over the field crop fanning. 
One of these advantages, namely the "natural" capital accumulation 
in the fora of livestock appreciation, has been pointed out already pre­
viously. The liquidity of the capital invested in dairy livestock has 
been mentioned previously too. Another advantage of the dairy farm is 
its higher stability of income. No time series data are yet available on 
the relative stability of income over time on the two types of farms. 
However, judging in general on the income variability of daiiy versus 
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field crop enterprises, one should assign a certain advantage to the 
dairy farm. 
Theoretically it is possible to reduce all the nonmonetary goals to 
a common monetary denominator, provided that the preferences of the 
fanners in terms of indifference surfaces are known. Farther empirical 
research is needed to estimate these surfaces. At present only a question 
mark can be posted on the magnitude of the monetary income equivalent for 
the nonmonetary goals fulfilled. Nevertheless, one should expect that 
within the range of low incomes as considered here, the marginal rate of 
substitution of nonmonetary goals for income is low and hence the income 
criterion may be regarded as a reasonable approximation of the farmers' 
goal. By this criterion no significant difference was observed between 
the two types. 
The inference which can be derived from Part I of the study is 
limited, due to the low level of development of the farms and the low 
managerial ability of the operators, both of which obscure the economic 
potential of the two types of farms investigated. The second part of the 
study attempts to overcome this difficulty by applying normative compari­
sons of the two types at their full development and under the normal level 
of management. 
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PART II. QA.IRY AND FIELD CROP FARMING AT THEIR FULL DEVELOPMENT 
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FOREWORD TO PART II 
Comparative analysis of the dairy and field crop farming in 1957 
cannot be considered as a sufficient basis for long run policy decisions, 
due to the comparatively low development of the farms and the low man­
agerial ability of the settlers. Consequently, the second part of the 
study deals with the comparison of the two types at their optimal stage 
of development, within the fixed frame of land and water resources as 
allocated to them by the planning authorities. 
The next three chapters describe the derivation of the plans for the 
two types of farms under the assumptions of the 1957 level of technology 
and normal management as reflected by input output coefficients and 1957 
price structure. Linear programming techniques are used to derive the 
plans. To the best of the author's knowledge this is the first applica­
tion of linear programming to the planning of family farms in Israel. 
Due to this fact various technical problems of adaptation of linear 
programming techniques to reality are discussed in the next three chap­
ters, probably in more detail than purely economic analysis of the problem 
would have required. Then the two farm plans are compared and the influ­
ence of variations in the primary assumptions is investigated. Also, 
some suggestions for further research are given. Finally, the feasibil­
ity of the field crop farming as a possible substitute for dairy farming 
is discussed. 
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THE LEAST COST FORAGE CROPS MIX FOR THE DAIRY FARM 
The Approach and the Assumptions 
The feeding system on a small, intensively cultivated dairy farm in 
Israel is usually based on a high proportion of freshly harvested forage 
crops, which are (for a small and unmechanized farm) economically superior 
to the preserved kinds of roughages as hay or silage. The provision of a 
continuous supply of forage crops throughout the year implies a cropping 
system of somewhat complicated design. In view of the complexity of the 
feeding system the programming of the dairy farm has been split into two 
stages. The objective of the first one is to derive the least cost forage 
crops mix, which is integrated into a "cow activity" in the second stage. 
This procedure is considered as useful in avoiding a too complicated 
set-up for linear programming which might make it impossible to evaluate 
the intermediate results. Particularly with respect to the feeding system, 
the dairy husbandly experts find it useful to evaluate a posteriori the 
"balance" between the various components of the feed mix, whereas, on the 
other hand, the a priori complete formulation of the restrictions with 
respect to compatability of various feeds and quality considerations is 
not easily done. The separation of the dairy farm planning into two 
stages simplifies the computations. The simplification of the computa­
tional set-up is especially important for programming with varying para­
meters, which is performed in a later chapter. 
The objective of this section of the study is to derive the least 
cost forage crops combination to be used later as a feeding mix for cows. 
The proportions of the various components of the mix are assumed to be 
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constant; in other words the components of the mix are considered as ideal 
complements, one with each other. This is a necesary simplification due 
to the fact that the true feed-milk production function and the marginal 
rates of substitution between the various feeds are not known. Secondly, 
the proportion of forage crops in the total feeding ration is decided upon 
in a later stage and the reason for this procedure is justified at the 
same time. The feeding program dealt with here is thus restricted to that 
part which is supplied by forage crops. 
Feeding requirements of dairy cows may be reduced to four categories: 
(a) Energy (or calories). 
(b) Proteins. 
(c) Bulk. 
( d )  Minerals and vitamins. 
Minerals and vitamins are supplemented, if necessary, in special 
chemical products and should not be included in the feed program. As for 
proteins there is in general an adequate supply of them in the forage 
crops, as now produced in Israel. They also can be supplemented, if 
necessary, by increasing the proportion of proteins in the concentrates. 
The bulk requirement is attained by giving the cows a free supply of 
straw. Consequently, the actual burden of programming the forage crop 
mix is to provide an adequate supply of calories or energy throughout the 
year. The a priori assumption that the plan derived will also meet the 
protein and bulk requirements only checked after the completion of the 
plan. 
The Scandinavian "Hanson feed unit" system for evaluation of feeds 
90 
which is in practice in Israel is applied in the planning procedure.'*" The 
programming scheme may be formulated in this way: 
The goal of the programming is to minimize the objective function: 
n 
(8.1) Î » 2 c,x, 
j-1 J J 
subject to: 
n 
{ 0 , 2 )  2 aiixi > % (i » i, 2, ..., m) 
j=l J J 
and 
(ci.3) Xj 0 for all j 
where a^j is the quantity of Hanson feed units supplied by one "activity 
unit" j (j = 1, 2, ..., n) in period i (.i = 1, 2, ..., m) (an "activity 
unit" is defined as 100 feed units supplied by a given crop in a particular 
combination of technology and planting and harvesting dates), is the 
quantity of feed units required in period i, Cj is the cost of production 
per activity unit j and x^ is the level of activity unit j to be solved for 
in the program. 
The input output coefficients for the forage crops considered are 
based on the data of the survey, information from some of the well estab-
^The system is based on empirical results of group feeding experi­
ments with 1 kg. barley as the standard unit. As established for cattle, 
one feed unit is equivalent approximately to: 
1.65 lb. TDN in corn for fattening; 
2.2 lb. TDN in better hays for fattening; 
3.3 lb. TDN in poor roughage for fattening; 
or 2.1 lb. TDN in corn for milk production; 
2.8 lb. TDN in better hays for milk production; 
4.2 lb. TDN in poor roughage for milk production. 
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lished farms in adjacent areas and consultation with extension special­
ists. These coefficients are presented in detail in Appendix Table ijl. 
Seven crops are considered: alfalfa, clover, oats, forage green peas, 
forage corn (harvested at the "milk stage" and supplied in stalks), beets 
and winfcersome.1 These seven crops are represented by 22 different activ­
ities, varying for the same crop, with respect to technology, planting and 
harvesting dates. 
The program has been arbitrarily designed to provide 3000 feed units 
per year. As mentioned earlier the resulting mix (i.e., each of its com­
ponents) may be multiplied by any number and applied "en bloc" to any 
other requirement level. The total requirement of 3000 feed units was 
assumed as equally distributed over the year, which is equivalent to 250 
feed units per month or 500 feed units per two-month period. 
It is recalled that tne forage crop mix is an intermediate stage in 
... the planning of the dairy farm. The corresponding intermediate objective 
of the dairy farm is to minimize the opportunity cost of feeding its 
cows (the number of which is not known yet at tnis stage). Expressing the 
opportunity costs in terms of each one of the scarce resources of the 
farm, three objective functions were formulated, respectively, for three 
alternative plans. These three alternative objectives are: 
(a) To minimize the costs of production of 3000 feed units in terms 
of cash expenses. 
(b) To minimize the real costs in terms of irrigation water used. 
(c) To minimize the real costs in terms of use of land. 
^Winter some is a hybrid or cross of corn and sugar cane. 
On the basis of the experience of the well established daiiy farms it 
was assumed that labor will not constitute an effective restriction, due 
to the small amount of land and water resources on the farm. The realiza­
tion of this assumption is verified at the end of the programming of the 
dairy farm in the next chapter. 
It should be noted that under more realistic circumstances, even if 
the labor resource is not restrictive in the physical sense, the farmer 
may have in mind some substitutive relations between income and leisure 
and some combination of the two may be preferred to strict profit maximiza­
tion. However, due to lack of empirical knowledge of the real preferences 
of the farmers, the profit maximization criterion has been accepted as the 
guiding principle, and from tnis point of view labor does not appear to be 
restrictive resource. 
According to the three objectives stated above, three alternative 
"cost coefficients" were derived for each one of the forage crop activ­
ities, namely: the cash expenses to produce one forage activity unit 
(= 100 Hanson feed units); the quantity of water in cubic meters per one 
activity unit; and the area of land in terms of nunber of days of occupa­
tion one dunam of land required to produce one forage activity unit. 
These cost coefficients are presented in Table 15. 
Reviewing the data in Table 15 and comparing the cost coefficients 
per 100 feed units, the advantage of forage beets in May-September and of 
wintersome in November-December over clover, alfalfa, corn, oats and peas 
is apparent. A decline in costs is observed as the crops approach their 
optimal growth season. For example, the cost per 100 feed units of forage 
corn is 17*0 I.L. in June, 13.9 I.L. in July, rising up to lti»5-2ii«5 I.L. 
Table 15» Cost coefficients of forage crops in terms of cash, water and. land per 100 feed units 
Clover Beets Beets Beets 
Winter-
some 
Winter-
some 
Wint er-
some 
a Corn Corn Corn Corn 
Planting month 9 10 10 2 7 7 7 4 4 5 6 
Harvesting month 11-5 5 6-7 8-9 10 11 12 6 7 8 9 
Cash, I.L. 10.4 7.6 5.9 7.4 14.1 10.1 7.5 17.6 13.9 14.1 14.1 
Water, c.m. 96.8 60.3 49.3 62.1 113.1 85.4 65.0 101.1 83.3 87.7 87.7 
Land, dunam-days 3b.0 26.5 21.6 19.6 29.8 24.4 21.0 25.3 26.3 26.3 26.3 
Corn Corn Corn* Alfalfa13 Oats Oats Oats Oats Peas Peas Peas 
Planting month 7 8 9 3 9 10 11 12 11 11 10 
Harvesting month 10 11 11 3-12 12 1 3 4 2 3 1 
Cash, I.L. 16.1 16.5 24.5 13.0 29.1 17.2 13.6 15.2 12.0 13.1 16.> 
Water, c.cm. 100.3 111.1 136.5 137.2 165.7 86.9 56.8 88.2 38.3 57.5 64.9 
Land, dunam-days 30.1 35.1 36.1 37.6 65.7 56.3 5b.8 58.0 46.0 57.5 55.0 
aDense stand. 
^Average for four year growth period 
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in November. Considering costs in terms of water, beets rank again 
among the cheapest crops on the whole and are the cheapest among the sum­
mer crops. On the other hand, alfalfa is among the most expensive forage 
crops in terms of water. In terms of land use beets are again among the 
cheapest crops along with corn and wintersome. The winter crops, oats 
and peas, are the more expensive in terms of land. It is believed that 
these comparisons of the real costs in terms of the scarce resources of 
the farm provide some insight into the economic efficiency of the various 
forage crops. It should be noted, however, that a definite identification 
of what the scarce resources of a farm are is possible only after the com­
pletion of the programming of the farm. It is possible that other re­
sources (e.£., labor) will show up as "scarce", or a more refined formula­
tion of the scarce resources will be required (e.g., considering water or 
land in specific periods). However this did not occur in the present 
study. 
The cost coefficients discussed above are normative and depend of 
course on the yields and costs of production assumed. It may be of inter­
est to examine the changes in cost coefficients in response to changes in 
the assumptions. 
If we denote by Cr the costs per dunam and by ^  the yield In feed 
units per dunam for the r-th crop, by C% and the cost and yield, re­
spectively, for the k-th crop, and by ir the change in yield Qr in per-
cents, the required ir to obtain equality of costs per feed unit in the 
two crops r and k, will be: 
(8.1.) ir = °rQkQA x 100 
(*rCk 
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For example, in comparison of forage corn in October (399 f.u. per 
dunam, bit.320 I.L. cash costs per dunam) with wintersome in October (504 
f.u. per dunam, 70.070 I.L. per dunam) we find for corn i = iU.b percent. 
Namely, if the yield of corn will increase by 14.6 percent the money cost 
per feed unit of corn will equal to that of wintersome. This equality may 
be achieved as well through decrease in the yield of wintersome, relevant 
changes in costs of corn and wintersome, or through some combination of 
the above factors. 
An applicable framework for the comparison of two crops is to regard 
the yields per dunam as random variables and to test the hypothesis: 
(8.5) H0: ^ ~ 
Gr uk 
This hypothesis is simple to test if the C's are considered as constants 
and the probability distribution of the '•*' s is normal, and this may pos­
sibly be the case with yields of crops. More complicated tests will be 
involved if the C's (costs) are combinations of stochastic elements but 
this situation does not seem to be very realistic, as both quantities of 
inputs and their costs are fairly stable in the short run. However, the 
suggested approach is ruled out from this study because the probability 
distributions of the yields of forage crops in the region are not known 
even in their crudest approximation. 
Considerations along the above lines may be valuable in practical 
evaluation of competitive annual forage crops, i.e., crops that are har­
vested in the same period. It is well known that the criteria presently 
used for evaluation of the forage crops (feed units, protein, bulk) do 
not represent fully the real feeding value of the crops. The experts in 
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the field attribute to some crops special positive or negative influence 
on milk productivity explained in terms of hormones, high quality amino 
acids and other quality attributes. For example, a highly positive influ­
ence is assigned to alfalfa and forage beets, and negative to wintersome. 
As a conclusion, it may be advisable within certain limits to introduce 
the element of judgment of quality ana to eliminate crops from planning 
even if they are somewhat cheaper (on the oasis of tne assumptions made) 
than their competitors. Following quality considerations, wintersome in 
October was excluded from all plans, and corn was considered instead, even 
though com in October is more expensive than corresponding wintersome in 
terms of cash and land use. 
Illustration 2 shows the change in money costs per 100 feed units in 
response to possible changes in yields for selected crops. The horizontal 
distance between any two curves at any height shows, for the given cost 
level, the percentage wise change in the yield (as compared with the basic 
assumptions) necessary to equate the cost per feed unit for the two crops 
considered. The graph presents the relative meaningfulness of the ranking 
of the crops by their cost coefficients. The unshaken superiority of 
beets is apparent, whereas the small horizontal distance between the curves 
for wintersome and corn in October provides an illustration for the pre­
vious discussion. 
The Plans Derived and Their Evaluation 
The essence of the problem of forage mix planning is to find the 
optimal level of the multiharvested annuals and perennials in the mix. 
If all the crops were annuals harvested once only, with no renewal of 
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Illustration 2. Changes in money costs per 100 feed units in 
response to changes in yield 
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their growth, the problem would have been reduced to choosing the cheapest 
crops in each supply period. The fact that some crops bear their yields 
over a succession of periods, wherein they are cheaper with respect to 
some crops and more expensive as compared with others, raises the question 
of the level of their use, along with the appropriate once-harvested 
annuals. 
Six alternative sets of preassumptions and restrictions were formulat­
ed for six alternative plans. These assumptions^" are stated below: 
Plan A. The objective: To minimize cash costs. 
Restrictions and preassumptions: 
1. Restriction of forage beets to 50 percent of the total forage 
feed units per month at the most. This restriction arises from 
dialectic reasons. 
Plan B. The objective: To minimize cash costs. 
Restrictions and preassumptions: 
1. Restriction on forage beets as in Plan A. 
2. Inclusion of alfalfa in the plan at the level of about one third 
of the total feed units. This assumption arises from the dairy 
experts assigning high quality value to alfalfa. 
Plan C. The objective: To minimize cash costs. 
Restrictions and preassumptions: 
1. Restriction on forage beets as in Plan A. 
^•Thanks are extended to Dr. R. Volcani, Lecturer in Dairy Husbandry 
at The Hebrew University of Jerusalem, The Faculty of Agriculture, Rehovot, 
for his suggestions. Needless to say, the author is solely responsible 
for any errors. 
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2. Inclusion of alfalfa in the plan at a minimum level of at least 
20 percent of the forage feed units in the summer period (August-
September,). 
3. Exclusion of winter some due to its poor quality properties. 
Plan D. The objective: To minimize cash costs. 
Restrictions and preassumptions : 
1. As in Plan A. 
2. As in Plan B. 
3. As in Plan G. 
U. Possibility of making hay from surpluses in summer months, with a 
positive price assigned to hay based on the market price. A re­
striction on the Quantity of hay was set to 800 feed units at 
the most, per 3000 feed unit. 
Plan E. The objective: To minimize real costs in terms of land use. 
Restrictions and preassumpt ions : 
As in Plan C. 
Plan F. The objective: To minimize real costs in terms of water use. 
Restrictions and preassumptions : 
As in Plan C. 
The complete set up of the first simplex tableaux is illustrated 
(for plan C) by Table U2 in the Appendix. The computations followed the 
method described by Charnes et al. (9, pp. 15-1# ) or Heady and Candler 
(2li, pp. ljl-litô;. 
The solutions of the six alternative programs are shown in Table 16. 
Some minor changes have been introduced into the results of linear program­
ming of Plans C, E and F; namely, wintersome in December was introduced 
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Table 16. Alternative plans for forage crops mix 
Crop 
Harvest 
month 
Plan A 
f.u. 
Plan B 
f.u. 
Plan C 
f.u. 
Plan / 
f.u. 
Plan E 
f.u. 
Plan F 
f.u. 
Clover 5-11 1079 537 810 1822 tilQ 401 
Alfalfa 3-12 — —  1055 523 523 523 523 
Forage beets 5 113 32 73 125 73 125 
Forage beets 6-7 250 250 250 250 250 250 
Forage beets 8-9 250 25'0 250 250 250 250 
Corn 6-7 250 126 12b 126 126 
Corn 8-9 250 48 150 150 150 151 
Corn 10 250 163 207 207 207 207 
Com 11 155 74 155 188 
Wintersome 11-12 279 276 
Wintersome 12 I23b I23b 17^ 
Peas 1-2 27o 390 333 124 333 418 
Peas-Oats 3-4 190 
Surplus 
preserved 3-4 -471 
Surplus 
preserved 5 -180 
Total feed units 2999 3001 3000 3000 3000 3004 
Total cash, I.L. 330 338 350 325 350 360 
I.L. per f.fu. .110 .113 .117 .108 .H7 .120 
Total water, c.m. 2441 2879 2731 2832 2731 2624 
Water, c.m. per f .u. .814 .960 .910 .945 .910 .874 
Total land, dunam-days 391 1023 m 996 994 1035 
Land, dunam-days per f.u. .310 .3M .331 .332 .331 .345 
aPlan D is a sub-final stage of the simplex solution. The program­
ming was discontinued due to the increasing proportion of clover, the 
excess of which is undesirable from the point of view of crop rotation. 
bIncluded instead of oats after the completion of the linear 
programming. 
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instead of oats, due to the high cost of oats. 
Table 16 shows that Plans C and E are identical. It is recalled that 
Plan C was designed for minimum cash costs and Plan E for minimum land use. 
Table 16 presents the monthly supply of feed units by crop source in 
the various plans. In the bottom section of the table the costs in terms 
of cash water ana land are shown. 
Regarding tne cash expenses, not much difference is evident between 
the various plans. The most expensive 3000 feed units mix (Plan F) costs 
360 I.L. or 0.120 I.L. per feed unit, whereas the cheapest mix (Plan D) 
costs 350 I.L. or 0.10b I.ii. per feed unit. 
From the point of view of land use, too, no great differences are 
observed between the plans, as shown in Table 16. It is of interest to 
note that the most expensive plan in terms of land use is Plan F, designed 
to minimize water use. 
The differences between the plans are greater with respect to tne use 
of water, the range being between *,U40 cubic meters per 3000 feed unit 
mix in Plan A, and 2,600 c.m. in Plan B. Plan u is also comparatively ex­
pensive in terms of water (2,532 c.m.). 
The last stage in planning of the forage crops mix was the a poster­
iori evaluation of tne programs derived, considering the mix as a whole 
unity and having in mind the "balance" between its components and the 
quality criteria which have not been accounted for in previous stages. 
On this ground, Plan A (which is the cheapest by almost every cost cri­
terion,) was eliminated due to lack of alfalfa. As stated above, the dairy 
experts insisted on some minimum of alfalfa in the mix. Plans B through F 
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were all considered as acceptable by the dairy experts. Plan D (which 
assumes preserving of surpluses) was eliminated since its cash cost advan­
tages did not appear significant, and on the otner hand, its realization 
is involved in considerable difficulties of forage preservation on small 
farms with no adequate equipment. Moreover, this mix is costly in terns 
of water. 
The major difficulty involved in comparative evaluation of the various 
forage mix plans arises from the fact that the actuax milk production re­
sponse to the various plans is not known. For example, the actual milk 
response to the increased proportion of alfalfa as in Plan o versus Plan G 
is not known. Furthermore, even a reasonable guess is not availaole. vue 
to no choice, equal milk response was assumed in the forthcoming analysis. 
Having eliminated Plans A and B, Plans B,C (= E) and F were chosen 
to be integrated into corresponding "cow activities" in the second stage of 
planning of the dairy farm. 
The details of plans B, C and F are shown in Tables 17, Id and 19. 
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Table 17. Forage crops mix - Plan fî 
Crop F.u. 
area, per Total Feed units per month-period 
Crop dunara dunam f.u. 10 11-12 2-1 304 5 6-7 5-9 
Clover .717 749 537 110 110 249 66 
Alfalfa 1.302 610 1055 87 115 251 150 250 202 
Beets (5) .031 1020 32 32 
Beets (6-7) .163 1530 250 250 
Beets (5-9) .204 1224 250 250 
Corn (5-9) .105 456 48 45 
Corn (10) .409 399 163 163 
Wintersome 
(11-12) .297 930 276 276 
Peas (1-2) .625 239 390 390 
Total 3001 250 501 500 500 250 500 500 
Table 15. Forage crops mix - Plan Ca 
Crop F.u. 
area, per Total Feed units per montn-period 
Crop dunam dunam f.u. 10 11 12 1-2 3-4 5 6-7 5-9 
Clover 1.0o2 749 510 65 100 167 375 103 
Alfalfa .646 510 523 43 30 27 125 74 124 100 
Beets (5) .072 1020 73 73 
Beets (6-7) .163 1530 2b0 250 
Beets (5-9) .204 1224 250 250 
Corn (6-7) .310 406 126 126 
Corn (6-9) .329 456 150 150 
Com (10) .515 399 207 207 
Corn (11) .453 342 155 155 
Wintersome 
(12) .123 1000 123 123 
Peas (1-2) 1.390 239 333 333 
Total 3000 250 250 250 500 500 250 500 500 
^Identical with Plan E. 
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Table 19. Forage crops mix - Plan F 
Crop 
Crop 
area, 
dunam 
F.u. 
per 
dunam 
Total 
f.u. 
Feed units per month-period 
10 11 12 1-2 3-4 5 6-7 ti-9 
Clover .535 749 401 32 50 62 166 51 
Alfalfa .646 610 523 44 30 26 125 74 124 100 
Beets (5) .123 1020 125 125 
Beets (6-7) .163 1530 250 250 
Beets (6-9 ) .204 1224 250 250 
Corn (6-7) .310 4o6 126 126 
Corn (ti-9) .330 456 151 151 
Corn (10) .516 399 207 207 
Corn (11) 
.549 342 166 166 
Wintersome 
(1%) .175 1000 175 175 
Peas (1-2) 1.745 239 416 416 
Peas-oats 
.(3-4) .735 25b 190 190 
Total 3004 251 250 25± 500 501 250 500 501 
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THE OPTIMAL PLAN FOR THE DAIRY FARi-i AT ITS Film, DEVELOPMENT 
Facts and Assumptions for Planning 
In the programming of the optimal plans of the dairy and field crop 
farms, the farms are considered as fixed plants with land ana water re­
sources at the level decided upon by the Central Planning Board of Agri­
culture. These two resources are in their major part nationalized, and 
allocated to farmers according to the decision of tne above Planning 
Board. The land is officially rented by the farmers on a permanent basis 
and for a negligible rent. The water for irrigation is suppliea to the 
farmers by a nation-wide company, with a maximum limit on the total quan­
tity per year. There are also maximum restrictions on tne monthly quan­
tities. 
Data referring to the possible influx of future loan capital to the 
developing farms are very scanty. It is also difficult to estimate the 
rate of accumulation of owned capital on the farms. The 19i>7 survey data 
have shown that the dairy farms had accumulated 1000 I.L. approximately 
during the survey year in livestock inventory appreciation. The possibil­
ity to save can be hardly assumed at present for the field crop farm. How­
ever, this situation may change with improvement in the level of manage­
ment and increased efficiency of production. 
In order to avoid the difficulty of estimating the rate of invest­
ment capital available to the farms it is preferable not to relate the 
programs to any particular time in future, but rather to a situation when 
the farms will reach their optimal level of development. The availability 
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of capital by loans or saving will obviously determine the rate of growth 
of the farms; nevertheless, the capital should not be considered as a re­
stricting resource for a plan, the realization date of which is not deter­
mined. On the otner hand, it is not completely unlikely that if the gen­
eral background for agricultural settlement in the country will change, 
implying harder financing conditions, investment capital may oecome a 
limiting factor even in the "long run" as considered here, aud the 
assumptions, and consequently, the plan, should be revised. 
Secondly, it seems reasonable to assume that working capital, too, 
will not constitute a limiting factor. On daiiy farms in general the prob­
lem of working capital is not too difficult die to the comparatively 
stable flow of revenue throughout tne year, regarding the fielu crop 
farms, it may be assumed, that due to the interest of tne agricultural 
policy in this type of farming, steps will be taken to eliminate diffi­
culties arising from shortage of working capital, furthermore, tne co­
operative organization of the villages contributes highly to tne easing 
of financing problems. Again, it is possible to argue that witn a cnange 
in the conditions of agricultural finance the assumptions with respect to 
working capital will be no more valid. Thus far, however, they seem the 
most probable. 
Labor too, is not considered as an effective resource restriction. 
This assumption is based on the experience of the established family farms 
and is verified at the end of the programming process through computations 
of detailed monthly labor requirements. 
According to the above considerations, the limiting resources on a 
fully developed dairy type family farm in North Western tiegev may be stated 
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as follows: 
(a) Land - Total area of I4O dunams, including 2 dunams for farmyard. 
The net cultivable area is dunams. 
(b) Total water supply - 20,400 cubic meters per year. 
(c) Monthly water supply - Maximum of 3,060 cubic meters per month 
(= 15 percent of tne total quantity). 
Some a priori fixed features are imposed on the structure of planned 
dairy farms by the decision of the Central Planning Board. These features 
are: 
(1J The farm cultivates 5 dunams of orchards or vineyards (in the 
present case vines for wine production were assumed according to 
the practice on many farms in tne area"*" ). 
(2J The second preassumption is concerned witn allotment of vegetable 
(truck crops ) area to tne farm. In 1930 a program of price sup­
port and acreage allotment of vegetables was put into effect in 
Israel in order to eliminate the two year prouuction cycle which 
had become typical to the vegetable industry. It is supposed 
that a family farm in the region will be allotted a maximum of 
5 dunams of vegetables, including 1 dunam of tomatoes and 2 
dunams of vegetables for the food processing industry. These 
quotas are based on 1938 allotments and projections on the future 
supply and demand for vegetables. The estimated quota does not 
account for possible expansion of exports of vegetables, in which 
^It is recognized that the planning of various types of fruit planta­
tions implies a research on the national level. 
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case the quotas may be increased correspondingly. 
Eighteen different field crop and vegetable activities were consid­
ered for planning. The input output coefficients for the field crops and 
vegetables were worked out on the oasis of the survey data, data released 
by the agricultural experiment station in tne region and consultation with 
extension workers. The detailed input output coefficients of field crops 
and vegetables are presented in Table 43 in tne Appendix. 
A "cow activity" was defined as the whole complex of inputs and out­
puts per cow and a calf, including in tne inputs the requirements of the 
forage crops in terms of land, water, labor and cash. In the first place 
three basic types of cow activity were defined according to the three 
least cost forage crop mix plans which were worked out in the last chapter. 
A basic problem to be solved next concerns the proportion of concentrates 
to roughages in the feeding ration. On the established family farms in 
the northern parts of the country the percentage of concentrates fed to 
dairy cows was 40 percent in years 1953-1956 (25). Experts in dairy 
husbandry in Israel express the view that, considering the physical as­
pects of milk production, it is reasonable to increase the proportion of 
concentrates up to 50-70 percent of the total feed supply. Thus far no 
explicit research has been done to evaluate the marginal rates of substi­
tution between concentrates and roughages in feeding and the views are 
expressed on comparatively general feeding experiments and general observa­
tion. 
The extent of use of concentrates in feeding has two opposed as­
pects: Most of the concentrates are imported and the government is inter­
ested in keeping a low proportion of concentrates in feeding. To achieve 
10 9 
this goal, until a few years ago, rationing of concentrates was practiced. 
At present the policy is restricted solely to control of imports. 
From the standpoint of farm management, the optimal combination of 
concentrates and roughages in feeding is that which leads to maximization 
of profit within a given farm situation. Assuming different levels of 
concentrât es in alternative cow activities, the optimal level is deter­
mined through the programming process whereby a given activity or a com­
bination of activities with different levels of concentrates, may come up 
in the optimal solution. 
Two levels of concentrates in the feeding ration were considered, 
namely 30 percent and 50 percent of tne total feed units. Further in­
crease in the proportion of concentrates was riled out in view of tne 
import restricting policy of the government.^ 
Ey combining the two levels of concentrates with three alternative 
forage crop mixes, six cow activities, were defined as follows: 
1. Cow activity - Forage mix 3^, 50 percent concentrates. 
2. Cow activity Bg ~ Forage mix 5^, 30 percent concentrates. 
3. Cow activity - forage mix 50 percent concentrates. 
4. Cow activity Cg - Forage mix Cg, 30 percent concentrates. 
5. Cow activity F^ - Forage mix Fp 50 percent concentrates. 
6. Cow activity Fg - Forage mix Fg, 30 percent concentrates. 
"4io detailed data on possible future restrictions were available 
to the author. The question is complicated by the fact that the import 
policy is mainly determined by the poultry industry, which is the major 
consumer of concentrates. It appears reasonable to assume that an extreme 
shift towards increased concentrate consumption will be eliminated by an 
appropriate policy. Nevertheless, it is recognized that the maximum 
boundary of 50 percent concentrates in the ration is arbitrary. 
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Of the feed supplied by roughages approximately one third is hay. 
The above six cow activities represent the main combinations of feed­
ing possibilitiesi three alternatives of minimizing costs in provision of 
forage crop feeds with respect to cash, water and land are combined with 
two benchmark levels of concentrates. The detailed input and output co­
efficients of these activities are presented in the Appendix in Tables hh-
50. Bue to lack of empirical data, ana acting upon the advice of experts 
in the field, equal outputs for tne various feeding systems were assumed. 
It is of interest to note that, following tne short cat metnod sug­
gested by Boles (5) it was found thai the cow activities witn high ratio 
of concentrates in feeding, dominated the corresponding activities with 
a low ratio of concentrates (e.g., dominated B^). This resultsuggests 
that under present price structure an upward shift in use of concentrates 
in feeding, above the kO percent currently used, will be justified from 
the point of view of the farmers. 
A difficulty involved in the application of linear programming to an 
intensively cultivated family farm in Israel, is how to adapt the program­
ming results to the requirements of crop rotation, i-io satisfactory 
approach to such a case has been found in the literature. Soma of the 
publications neglect the crop rotation altogether. Others consider crop 
rotations as alternative activities. Often the rotations themselves are 
not analyzed in economic terms ana are based on conventional practices or 
purely agronomic recommendations. This approach is impractical, par­
ticularly with respect to a small farm, because it usually implies parti­
tion of the land to several rotation blocks. 
The approach followed in this study was to determine a priori the 
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general framework of the crop rotation, and to set up, accordingly, re­
strictions and assumptions arising from agronomic requirements. The 
agronomic requirements will not be discussed in detail here. In general, 
they refer to "diying out" and deep-ploughing of the land once per five-
six years, avoiding over-irrigation, manuring once per two-three years and 
avoiding succession of certain crops. 
Six-year rotation with an out-of-rotai,ion plov oi' alfalfa was con­
sidered as the most appropriate. Alfalfa is grown as a perennial with an 
indefinite growth period of three to five years. Since tne time of its 
degeneration is not known, it is customary to allocate to alfalfa an 
extra plot, which is interchanged with a rotation plot when alfalfa is 
to be renewed. Accordingly, the lana available for field crops (33 
dunams = 30 dunams less 5 dunams in vineyards) was divided into seven 
plots each of U*7 dunams. One of these plots was assumed to be under wheat 
in winter and "dried out" in summer. Other crop rotation restrictions 
assumed were these: the area of clover, alfalfa and sugar beets may be at 
most as large as one plot and the area of cotton and/or peanuts at most as 
large as two plots altogether. These two crops may substitute for each 
other in the rotation. 
Finally a quantity of 500 cubic meters of water was aeducted from the 
total quantity of water, to serve as a reserve for the sake of adaptation 
of linear programming results to a realistic crop rotation. 
To summarize, the restrictions used in formulation of the restriction 
vector in programming were of three kinds: (a) land and water restric­
tions; (b) vegetable area allotment; and (c; crop rotation restrictions. 
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The Optimal Plan 
The results of the conventional linear programming solution are shown 
in Table 20. As this table snows, only three activities are included in 
the optimal plan: 1 dunam of fall tomatoes, 2 dunams of fall carrots and 
ti.2 units of cow activity F]_. The vegetables are included at the maximum 
level allowed by the area allotment. 
Table 20. Linear programming resulcs for the dairy farm 
Activity Activity units wet income,a i.u. 
Fall tomatoes 1 420.830 
Fall carrots 3 2 410.960 
Cow activity 8.24^ 4,022.372 
Total net income 4,854.162 
^Direct net income generated by tne activities in plan. The income 
of the preassumed activities and the overhead costs are not accounted for. 
^b.2U units of cow activity may be interpreted as eight cows and 
calves, plus an equivalent of 0.24. In reality, the average .lumoar of 
cows per year is not an integer but a fraction. 
It is of interest to point out that the total quantity of water was 
the only restrictive resource. Accordingly, the cow activity Licluaed in 
the plan is the one using tne least water-cost forage mix. The exhaustion 
of water as the only restricting resource, reflects the great importance of 
this production factor and also suggests that the ratio of the water inputs 
to other resources (which are "free" in this case) should be re-examined. 
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This important question will be discussed in more detail in tne next 
chapter. 
Table 21 presents the composition of the forage crops mix, which 
corresponds to the 8.24 cow activity units included in the plan. The 
composition of the crops, whicn corresponds to the strict results of 
linear programming, is shown in tne third column of Table 21. For the 
sake of adaptation of these results to a realistic crop rotation, some 
changes were introduced, using budgeting techniques. These changes are 
presented in columns four and five. They were small in general; the only 
remarkable cnange was the suostitution of 5.52 dunams of forage peas 
Table 21. Forage crops on the dairy farm 
Linear Changes 
programming introduced^ Final 
Harvest results, .Dunams Dunams crop area 
Crop month area d added deducted dunam 
Clover 5-11 3.13 .37 3.5 
Beets 5 .72 -.02 0.7 
Beets 6-7 .95 .05 1.0 
Beets 8-9 1.19 .01 1.2 
Alfalfa 3-12 3.78 .02 3.8 
Corn 6 .80 0.8 
Corn 7 1.02 
CM O
 I 1.0 
Corn 8 
.97 .03 1.0 
Corn 9 .97 .03 1.0 
Corn 10 3.03 1
 
s
 
3.0 
Corn 11 3.21 -.01 3.2 
Wintersome 12 1.02 -.02 1.0 
Peas 1-2 10.22 -5.52 4.7 
Peas-Oats 3-4 4.31 - .61 3.7 
Oats 1-2 . 0 5.70 5.7 
Total 35.32 6.21 -6.23 35.3 
aFor sake of adaptation to crop rotation 
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(harvested in January-February) by 5•70 dunams of forage oats, in order to 
avoid excess of legumes in the rotation. The changes introduced kept the 
level of feed units supplied unvaried. They make use of the previously 
reserved quantity of water of 500 c.m., ana involve a drop in the net in­
come par cow activity unit by 4.100 I.L. 
A schematic presentation of the suggested crop rotation is given in 
Table 22. Column three in the table presents the crops grown in fall-
winter, whereas column four shows the crops grown in spring-summer. The 
succession of crops is dictated both by crop rotation considerations and 
by consistency in timing of tne successive crops. 
Table 22. Crop rotation for tne dairy farm 
Plot Area dunam Fall-winter Spring-summer 
3 
4 
5 
Gut-of-
rotation 
plot 
4.7 1.85 d. peas 
2.65 d. oats 
4.7 3.0 d. -
(+) 1,7 d. forage beets 
4.7 (+) 1,2 d. forage beets 
3.5 d. clover 
4.7 1,2 d. oats 
(+) 3.5 d. oats 
4.7 4.7 d. peas 
4.7 4.7 d. wheat 
4.7 3.6 d. alfalfa 
0.9 d. reserve 
(h) 1.0 d. fall tomatoes 
(0 2.0 d. carrots B 
1.7 d. -
4,7 d, forage corn 
4.7 d. forage com 
3.1 d. -
1,0 d, wintersome 
0,6 d, forage corn 
4,7 d, deep plowing 
3,6 d, alfalfa 
0,9 d, reserve 
a(+) = barn manure. 
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The detailed schedules of use of labor and water requirements are 
shown in Tables 54 and 55 in the Appendix. 
Table 23 presents the estimated net net income of the planned farm. 
The "net income" from production activities, after deduction of the direct 
costs amounts to 6,231 I.L. The dairy contributes til percent of the net 
income, vegetables 13 percent and vineyards 6 percent. After deduction 
of the fixed and overhead costs on general farm assets including deprecia­
tion, loans and interest payments, the net net income is it,113 I.L. 
The burden of the loans and interest payments stated as 509 I.L. can 
be only tentatively considered, due to the difficulty of estimation, both 
of the equity ratio ana the payment conditions on the loans. 
The quota of debt payments of 509 I.L. in Table <3 refers to a situa­
tion where all dairy livestock and 30 percent of the other investment are 
financed by owned capital. In addition to the debts on general capital 
assets, the farm has to repay debts for investment specific to the dairy 
activity. These debts amount to 220 I.L. on the assumption of 30 percent 
equity in assets other than livestock. Thus, the total burden of debt 
payments on all farm and on dairy investment is 730 I.L. per year. Assum­
ing further, 65 percent equity ratio, the burden of debts will decrease 
by 2$0 I.L., whereby the income will increase by tne same amount. Assuming 
full equity, the income of the farm will increase by 730 I.L. Detailed 
estimates of capital costs of the daily farm are presented in the Appendix, 
Tables 46 and 52. 
The question of the burden of debts on the newly established faims is 
one of very considerable importance and calls for an extended study of its 
own. Here only a tentative discussion is possible. Nevertheless, it 
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Table 23. Estimated income of the planned dairy farm 
Item 
I.L. 
per unit 
Total 
I ill . 
Grand total 
I.L. 
Net income3, from farm activities 
1 d. fall tomatoes 
2 d. fall carrots 
It.7 d. wheat 
8.24 units cow activity F, 
8.24 times rediscounting for 
interest on owned capital 
in cow activity 
5 d. vineyards (for wine) 
420.830 
205.400 
5.310 
464.052 
122.650 
75.000 
420.830 
410.960 
24.957 
3,988.588 
1,010.636 
375 6,230.971 
Fixed and overhead costs 
Fixed costs 
4.7 d. deep ploughing 
40 c.m. manure 
1 mule or horse, maintenance 
1004 c.m. water for the farmyard 
12.000 
o.OOO 
.055 
50.400 
320.000 
350.000 
55.220 
3/6.400 
Village cooperative taxes 250.000 6)5.^20 
Overhead costs 
Depreciation^ 
Debt payments and interesta 
576.900 
509.250 1,066.150 
Total fixed and overhead costs 2,117.770 
Li et net income 4,113.201 
aAfter deduction of direct costs. 
Interest on owned capital in cow activity was deducted from tne net 
income of this activity as an opportunity cost for comparison with other 
activities. This is rediscounted for computing the income. 
^Details in the Appendix, Table 53• 
^Assuming 30,v equity ratio on capital other than livestock. Details 
in the Appendix, Table 52. 
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should be pointed out that on the dairy farm the value of capital assets 
other than livestock amounts to 13,000 1.1.., as compared with 12,000 I.L. 
on the field crop farm (see Table 57 in the Appendix). Thus, aiy diver­
gency from the above financing assumptions will affect the two types of 
farming by a similar amount. 
Obviously, the net net income of the planned dairy farm depends on 
the nature of the assumptions made with respect to the structure of the 
farm, the input output coefficients and prices. Variations in the assump­
tions and their implications arc studied in a later chapter, in the 
present chapter it was considered as useful to extend a particular plan 
into its full details, snowing how a linear programming plan may be 
adapted to reality. 
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THE OPTIMAL PLAN FOR THE FISLD CROP FARM AT ITS FULL DEVELOPMENT 
Facts and Assumptions for Planning 
The general approach towards adaptation of linear programming to the 
planning of a small, input-intensive family farm in Israel, has oeen dis­
cussed in detail in tne previous chapter, with reference to the plan for 
the dairy farm. Also, the sources of the data and the justification of the 
assumptions underlying the plan of the dairy farm at its full development 
have been discussed. Most of the sources of tne data and the assumptions 
referring to tne dairy farm are relevant to the field crop farm, too, ana 
unless changed or modified, must not be discussed again. 
On the basis of.the decision of tne Central planning ooard for agri­
culture, the total land unit area per field crop farm in the worth Western 
Kegev at its full development is 1|0 dunams, which is equivalent to 3d 
dunams of cultivable land. The quantity of irrigation water allocated 
to the farm by the planning Board is 19,300 cubic meters per year. The 
monthly maximum quantity of water which can be supplied is 2,925 cubic 
meters, or 15 percent of the yearly total. On the oasis of similar con­
siderations with respect to the dairy farm, investment and working cap­
ital were not taken as restricting resources. It was also preassumed 
that labor will not constitute an effective restriction; the correctness 
of this assumption is examined at the end of the planning process, through 
detailed computations of tne labor requirements. 
As in programming of the dairy farm, an allotment of S dunams of 
vegetables was assumed, of these 3 dunams for direct consumption includ­
ing at most 1 dunam of tomatoes, and 2 dunams of vegetables for the pro­
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cessing industry. 
The general structure of the field crop farm has been assumed as 
given by the Planning Board. Namely, the farming enterprises have been 
restricted by the following set of directives: 
(a) The farm production is restricted mainly to field crops. 
(b) Non-dairy livestock is permissible only on a supplementary level.^ 
(c) Tne farm cultivates 5 dunams of orchards or vineyards (vineyards 
for wine production were assumed specifically in tnis case). 
It is easily recognized that the above described planning aata for 
the field crop farm are almost the same as tnose of the dairy farm. How­
ever, the assumptions arising from crop rotation considerations are dif­
ferent for the two types of farms. Due to this fact a specific program­
ming of the field crop farm is required, instead of simply eliminating the 
cow activity from the program of the dairy farm. As stated already in the 
last chapter, the approach followed in this study towards incorporating 
the rules of crop rotation into programming, was to decide a priori upon 
the general framework of the crop rotation (number of years in the rota­
tion, manuring) and to set, correspondingly, crop rotation restrictions on 
various crops. 
Six year crop rotation was considered as the most appropriate for 
the field crop farm. The choice of tne crop rotation period is necessarily 
somewhat arbitrary, because no sufficient experimental data are yet avail­
able on yields of crops in different rotations. Obviously only such data 
^The exact level was not specified explicitly. In the model-plans 
prepared by the Planning Board 10 ewes per farm were introduced. "Sup­
plementary level" of livestock may be considered as roughly equivalent to 
10 ewes. 
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may provide the basis for a meaningful comparison of various rotations.^ 
The program worked out in this chapter refers to a layout of crop­
land typical to the field crop farms in the region, where a smaller field 
of ij dunams is adjacent to the farmyard, and a second larger field of 25 
dunams is farther away. In accordance to this layout and tne choice of 
six year rotation, the total cropland area of 33 dunams (• 30 dunams less 
5 dunams vineyards) was regarded as consisting of six rotation plots of 
5 dunams each, plus an additional reserve plot of j dunams on tne d dunam 
field near tne farmyard. The "reserve" plot was considered as independent 
of the crop rotation, with the possibility of variation of crops in a 
much more flexible fashion than within the crop rotation. Sucn flexibil­
ity is often needed by the farmers for occasional casn crops and similar 
purposes. To each dunam of the reserve plot 700 cubic meters of water 
were assigned as "water reserve". The alternative possibility is to re­
gard the smaller field of D dunams as a united rotation plot, which is 
bigger tnan the other plots. This would imply a different cropping plan 
for each year if the crop rotation should be followed. Such an arrange­
ment seems to be much less convenient for tne farmer tnan the one chosen. 
The linear programming computations were directed to find tne optimal 
combination of field crops in a six year rotation, with preassumed plots 
^For general considerations, six year rotation may be regarded as 
superior to the five year rotation because it provides for more balanced 
utilization of the manure (once per three years) and also provides more 
flexibility in the succession of crops with a long growtn period (like 
cotton and sugar beets which are typical to the field crop farmJ. Fur­
thermore, in six year rotation the "dried out" plot which is not cropped 
is smaller than in five year rotation (one sixth versus one fifth of the 
total cropland area). 
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of wheat, deep ploughing and green manure, which were introduced a priori 
according to the agronomic conventions. Tne levels of the preassumed field 
crop activities were 5 cunariis of wheat followed by deep ploughing, and o 
dunams of green manure. 
Crop rotation restrictions set on crops included an area for sugar 
beets as restricted to at most 5 dunams (one rotation plot/, an area of 
cotton and/or peanuts restricted to at most 10 dunams, and an area of 
sorgnum restricted to at most 10 dunams. Tne vegetable and field crop 
activities considered for programming were tne same as tnose considered 
in programming of tne dairy farm. The input output coefficients of tnese 
activities are presented in Table U3 in tne Appendix. 
Tne Optimal Plan 
The results of tne linear programming of tne field crop farm are 
presented in Table ZU. As this table snows, the plan comprises i> dunams 
of vegetables which enter the plan up to the maximum area allotment in 
each category. Other crops are 5 dunams sugar beets, 6 dunams cotton and 
9 dunams sorghum. 
The next step in planning of the field crop farm was concerned with 
the adaptation of the results of linear programming to a practical crop 
rotation. To this goal a minor change was introduced into the composition 
of the field crops: it became apparent that incorporation of 9 dunams of 
sorghum with auxiliary irrigation (sorghum A) in the rotation is not 
feasible because it requires an equivalent area of winter fallow which is 
unavailable. Consequently, using budgeting computations, sorghum À was re­
placed in the plan by 2.7 dunams of cotton. The ratio between the areas of 
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Table 2k. Linear programming results for the field crops farm 
Area Net income I.i».a 
Activity dunam Per dunam Total 
Fall tomatoes 1 420.630 420.030 
Industrial tomatoes 2 ii j . y  u 34b.760 
Fall carrots A 2 215.015 431.630 
Sugar beets 5 149.135 7U5.6bO 
Cotton 5.9o 99.750 596.510 
Sorghum A^ 9.02 33.462 301.030 
Total net income 2,643.240 
^Direct net income generated by the activities in plan, i'ne income 
of the preassumed activities and tne overhead costs are not accounted for. 
kPlanting in April with auxiliary irrigation (240 cubic meters of 
water per dunam. 
the two crops was determined by their relative requirements for water. The 
substitution of cotton for sorghum involves a loss of approximately 30 I.jj. 
in the net income provided by the plan.**" 
The suggested crop rotation of the farm is presented in Table 25. 
The crop rotation follows the conventional agronome rules: once in six 
years wheat is grown, after which follow deep ploughing and summer fallow. 
In case of complicated crop rotations, the coefficients of land re­
strictions and land inputs should be stated in detail by monthly or bi­
monthly periods to avoid difficulties in adjustment to crop rotation. 
Such exposition was applied in programming of the dairy farm. However, in 
programming of the field crop farm such a procedure did not seem justified, 
because on the one hand the computations are considerably augmented by 
specifying more restrictions, and on the other hand the necessary modifica­
tions are easily derived by supplementary budgeting. 
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Table 25. Crop rotation for the field crop farm 
Plot 
Area 
dunam Fall-Winter Spring-Summer 
1. 5 3 d. 
2 d. 
green manure 
(unirrigated crops) 
%3 d. -
(+) 2d. industrial tomatoes 
2. 5 2 d. 
(+) 1 d. 
2 d. 
fall carrots 
fall tomatoes 
(unirrigated crops) 
5 d. cotton 
3. 5 5 d. green manure — — 
ii. 5 5 d. sugar beets 5 d. sugar beets 
5. 5 5 d. (unirrigated crops)a 3.7 d. cotton 
1.j d. -
6. 5 5 d. wheat 5 d. deep ploughing 
Supplementary crops which may be grown in winter on unutilized plots. 
b(-t-) = barn manure. 
The land is manured twice during tne rotation either by green or barn 
manure. 
After the allocation of the various crops to the appropriate rota­
tion plots it was observed that 9 dunams of cropland remain unutilized in 
the fall-winter period. This suggests that it is possible to supplement 
the rotation by 9 dunams of unirrigated winter crops, which may fit into 
the pitfalls between the irrigated crops.^ These supplementary, and thus 
far undefined, crops are presented in parentheses in the scheme of the 
crop rotation in Table 2i>. 
^The question of distribution of the irrigation water among various 
crops is discussed in more detail later on in this chapter. 
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The crop rotation planned for the field crop farm supplies approxi­
mately 750 feed units of roughages in by-products from unutilized parts of 
sugar beets and vegetables. Furthermore, as shown above, it is possible 
to incorporate in the rotation 9 dunams of unirrigated winter crops with 
a short growth period. Unirrigated forage crops (oats, peas) are appar­
ently the only crops which meet these specifications. Nine dunams of 
unirrigat,ed winter forage crops may supply 1350 feed units. Thus the total 
supply of feed units from by-products and supplementary crops amounts to 
2100 feed units. Under these circumstances some supplementary livestock 
enterprise seems to be justified on the farm. It is also possible to 
utilize the reserve land area of 3 dunams and the corresponding reserved 
quantity of water of 2100 cubic meters for growing forage crops for the 
supplementary livestock.^ These additional resources may provide approxi­
mately 2200 feed units (the estimate is based on the results of planning 
of the least cost forage crops mixes described in a previous chapter). 
An exhaustive discussion of the kind and level of supplementary non-
dairy livestock for the field crop farm fails beyond the limits of this 
study. A complete analysis of the question implies a research on its own. 
The question is especially difficult because the technological data are 
as yet largely uncertain. Hence, only one possibility, and in the author's 
opinion the most appropriate under the prevailing conditions, will be 
outlined - namely, fattening of calves purchased from the surpluses of the 
^Allocation of resources on this level to supplementary non-dairy 
livestock may not be regarded as inconsistent with the principles of field 
crop farming and is agreeable even to the most devoted advocates of the 
idea of the field crop farm. 
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dairy farms. It should be noted tnat this is a tentative suggestion and 
with the availability of improved information or with a change in market 
conditions or in technology another kind of livestock may become prefer­
able. Nevertheless, it seems very likely that due to the opportunities 
for complementary and supplementary production of roughages on the field 
crop farm, some kind of supplementary livestock will always oe profitable. 
Within the possibilities of the supply of roughages outlined above, 
it is possible to fatten either three calves per year with 30 percent 
concentrates in the feeding ratio, or four calves per year with 5U percent 
concentrates. The estimated net income for the two possibilities is 815 
I.L. or 975 I.L., respectively.^ From the point of view of risk considera­
tions the smaller scale seems to be preferable in spite of the lower in­
come by 15U I.L. 
The over-all plan of production aau the estimated net net income are 
summarized in Table 26. The "net income" of the farm, generated by the 
productive activities after deduction of the direct expenses only, is 
slightly above U000 I.L. The highest contribution - i|0 percent of the 
"net income" comes from industrial crops, while vegetables contribute 30 
percent, fattening calves 20 percent and vineyards nearly 10 percent. It 
is worthwhile to mention that the vegetables contribute 30 percent to the 
total "net income", while using only 13 percent of the cropped area and 
15 percent of the water. Clearly tne income of the farm will depend to a 
considerable extent on the specific area allotment of the vegetables and 
•^Details of feed requirements and supply, and of the net income are 
presented in Table 56 in the Appendix. 
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Table 26. Estimated income of the planned field crop farm 
I.L. Total Grand total 
Item per unit I.L. I.L. 
Net income3, from farm activities 
1 d. fall tomatoes 420.630 1*20.630 
2 d. fall carrots 215.815 431*630 
2 ti. industrial tomatoes 173»3^0 3hb*l60 
5 d. su,-*ar beets 149.135 7^5.675 
6.69 d. cotton 99.750 666.627 
5 d. wheat 5.310 26.550 
5 d. vineyards 75.000 375.000 
3 units calves for fattening 515.000 4,020.272 
Fixed ana overhead costs 
Fixed costs 
5 d. deep ploughing 12.000 60.000 
3 d. green manure 23.250 166.000 
1 mule or horse, maintenance 350.000 
1000 c.m. water for tne farmyard 0.055 55*000 
Village cooperative taxes 250.000 901.000 
Overhead costs 
Depreciation13 561.900 
Debt payments and interest0 632.625 1,214.525 
Total fixed and overhead costs 2,115.525 
Net net income 1,912.747 
aAfter deduction of direct costs only. 
^Details are presented in Table 56 in the Appendix. 
^Details are presented in Table 59 in the Appendix. 
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• the controlled level of their prices. 
The estimated overhead costs of the farm amount to 2116 I.L. Out of 
these, payments of debts and interest comprise 6j3 I.L. The estimate of 
loan payments refers to a situation where the owned capital comprises 30 
percent of the total capital assets, the other 70 percent being loaned. 
When the loaned capital will drop to 35 percent of equity the loan pay­
ments will decrease by 311 I.L. and the income of the farm will rise by 
the same amount. tinen all tne loans will be repaid and the loan payments 
will be exempted, the net net income of the farm will rise by 633 I.L. The 
estimated depreciation costs amount to 5b2 I.L. Detailed estimates of the 
costs of depreciation and loaned capital are given in Tables 5o and 59 in 
the Appendix. 
After deduction of the overhead and fixed cosvs the net net income of 
the field crop farm becomes 1913 I.L. 
Detailed labor input requirements of the farm are presented in Table 
60 in the Appendix. The highest bimonthly requirements is 1031 hours of 
labor in September-October. On the basis of the experience of old family-
farms in Israel this figure may be considered as falling below the amount 
of labor which an average farm family is able to provide. 
The detailed requirements for irrigation water are presented in Table 
61 in the Appendix. The most intensive use of water is in August - 2599 
cubic meters - which is well below the monthly maximum restriction (2925 
cubic meters). 
Examination of the plan of the field crop farm reveals considerable 
disproportion between the cropland area and the available water resource 
at the assumed irrigation practices. As a result, part of the cropland 
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area is cultivated only extensively, or not cultivated at all. The only 
limiting resource is water for irrigation. Consequently, an improved allo­
cation of water seems to be an important objective for further research. 
Optimal allocation of water is one which provides equal marginal re­
turns to water in all activities. However, tne production function of 
water in various crops and the productivity of water at different levels 
of input are not known yet. The irrigation coefficients applied in the 
preceding programming represent the conventional norms recommended by the 
regional field crop experts and are "fixed". Obviously a formulation of 
water inputs at different levels and the corresponding outputs is required. 
This, however, must be postponed until the physical input output data will 
be provided by the experiment station in the region. 
A practical question wnich may provide some insight into the nature 
of the possible adjustment in allocation of water arises with respect to the 
area of cotton in the suggested plan. The plan indicates growing of 0.7 
dunams of cotton with water input of oOO cucic meters per dunam. There is, 
however, a possibility to increase tne ar^a of cotton up to 10 dunams by 
utilizing the 1.3 dunams in plot 5 (whicn ar. uncropped due to lack of 
water), with input of water of 095*2 cubic meters per dunam. In both cases 
the total quantity of water for cotton is the same, 6952 cubic meters. It 
is possible to show (considering labor as a non-restricting resource) that 
the second possibility, i.e., expanding the same quantity of water over 
the larger area, is preferable if the diminished input of water per dunam 
•*•1.3 cuinams in the spring-summer period in the fifth rotation plot 
are not cropped. 
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will not reduce the yield by more than 22.2 kg. per dunam. If the re­
duction in yield is actually smaller than 22.2 kg., then for each added 
kg. in yield above the critical level (24o.ti kg./d. = 270 kg./d. - 22.2 
kg./d. ) the net net income of the farm will rise by o.5 I.u. Obviously 
any practical decision depends on the unknown response in the yield of 
cotton per dunam. 
The question of proper allocation of water is relevant with respect 
to other crops too. The optimal irrigation levels of the summer crops, 
as well as tne question of auxiliary irrigation levels versus non-irriga­
tion for winter crops, within the general structure of the farm, snould 
be re-examined when the physical dava would be available. Cleariy, linear 
programming techniques are suitable for this kind of analysis. 
^Comparing the two possibilities we obtain: 
Possibility A Possibility 5 
Area of cotton, dunam 
Water, c.m./d. 
Yield, kg./d. 
600 
270 
8.69 10 
695.2 
270-y 
where y is the difference in yield in kg 
Gross income, I.L./d. 
(a.850/kg.) 22A500 
85.750 
229.5U0-.850 y 
05.750 Fixed costs, I.n./d. 
Water costs, l.L./d. 
(a.055/c.m.) U4.000 
129.750 
99.750 
38.2# 
123.986 
105.51k-.050 y 
1055.11tO-o.500 y 
Total costs, l.iu./d. 
Net income, I.L./d. 
Total net income of the 
whole area. I.L. 866.827 
The condition for preferring possibility B rather than A is: 
1055.140-0.500 y > 866.827 
or: y > 22.2 kg, per duram, 
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Another point which calls for further study is the question of supple­
mentary livestock on the field crop farm. When the physical input output 
relations, as well as market conditions for the various alternatives 
(sheep, b-jef cows and purchased calves of different breeds) will be better 
established, the question is due for re-examination, -dso the level of 
the livestock activity should be reconsidered, in the plan uerived in 
» 
this chapter a possibility of fattening purchased calves was outlined. 
By assumption, this activity was referred to as supplementary aud possibly 
temporary. Consequently its plan was outlined after the crop rotation was 
independently planned. .Vith more information available on the alternative 
non-dairy livestock activities, an overall programming including tne live­
stock activities should be applied. 
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CONDITIONS FOR ECONOMIC COEXISTENCE OF FIELD CROP AND DAIRY FARMING 
Previous Results and the Nature of the Assumptions 
In the previous chapters optimal plans for dairy and field crop farms 
in North Western Negev at their full development were derived. The net 
net incomes of blue planned farms after deduction of overhead costs are 
1^13 I.L. for the dairy farm and Iglj I.L. for the field crop farm. These 
results suggest that under tne conditions assumed for the plans, the 
farmers of the developing field crop farms will tend to saift to dairy 
production. 
However, the results of the previous analysis refer only to the 
specific set of assumptions underlying tiiis analysis. Changes in the 
assumptions may induce changes into the optimal plans. A study of these 
changes and their effects is the subject matter of the present chapter. 
Many of the "assumptions" underlying the previous analysis (_e.j?., 
allotments of land and water to the farms) are subject to control by the 
agricultural authorities and as such may be regarded as instruments of the 
agricultural policy. Having in mind that the declared goal of the agricul­
tural policy is to maintain a situation of coexistence of field crop and 
dairy farming, the objective of the forthcoming analysis is to find the 
changes necessary in the instruments of the agricultural policy to achieve 
this situation. The analysis will proceed along these lines: First, 
variations in prices and other factors related to the profitability of 
the various farm activities will be examined; secondly, the effect of pos­
sible variations in resources will be tested. Finally simultaneous vari­
ations both in prices and resources will be discussed. 
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Variations in Prices and Related Factors 
Variations in prices of milk 
The main argument against further expansion of daily farms is the 
possibility of a critical drop in prices of milk as a result of increased 
supply, unless milk will be increasingly subsidized. Hence, it seems 
logical to start the analysis of the changes in the optimal plans by study­
ing the effects of variations in the price of milk. 
The technique of linear programming with varying prices described by 
Heady and Candler (24, pp. 265-307) was applied. The farm model adopted 
for programming was the same as for the previously planned dairy and field 
crop farms (the resources of which are nearly equal), except for some minor 
assumptions which differed for the two types. These were the differing 
assumptions for the varying prices farm model : 
(a) Total quantity of water was assumed to be 20,1|00 cubic meters 
per year, as on the dairy farm. 
(b) Following an unspecified six year crop rotation, restrictions 
were set on sugar beets to the maximum of one sixth of the total 
crop land area, and on cotton and/or peanuts to the maximum of 
one third of the total crop land area. This is equivalent to 
growing sugar beets once in six years and cotton and/or peanuts 
once in three years at the most. 
All other assumptions with respect to cropland, area, capital, labor, 
area of the vineyard and allotment of vegetable area, were the same as 
for the field crop and dairy farms. These were specified in detail in 
the last two chapters. Within the framework of this planning model prices 
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of milk were varied from the base period level (0.250 I.L. per liter in 
1957) downwards. The relevant ranges of the prices of milk and the corre­
sponding optimal production plans are presented in Table 27. Since in 
response to changing prices of milk, the level of the dairy activity in 
Table 27. Optimal production plans of tne varying-type-farm in response 
to falling prices of milk 
Range of prices, I.L. per liter 
7TJÔ7 T235 .227 .179 .1661 .1657 .163 .155 
.232 .22? .179 .1661 .1657 .16j .155 0 
Activity 
Cow activity C^, 
units 
Cow activity C^, 
units 
Cow activity F]_, 
units 
Cow activity Fg; 
units 
Sugar beets, 
dunams 
Cotton, dunams 
Sorghum B, dunams 
Fall tomatoes, 
dunams 
Fall carrots, 
dunams 
Industrial 
tomatoes, 
dunams 
Activity units in plan 
.7 
.5 
0.2 6.3 t>.k .7 
.5 
5.5 >.5 5.5 5.5 2.5 5.5 5.5 
il 11 11 il 11 
1 1 
3.9 
1 1 
13h 
tbe optimal plan of the farm varies, the faim will be referred to below as 
the "varying-type farm". 
As Table 27 shows, the extent of dairy production decreases with tne 
falling of the price of milk from the basic period level to 0.2j2 I.L. At 
this price level 1.9 cow activity units out of the 0.2 units (which are 
optimal at the 1957 price) are replaced by 5.5 dunams of sugar beets. 
Thus tie optimal number of cow activity units falls to 6. J. with further 
falling of the price of milk to 0.227 and 0.179 I.L. per liter, the optimal 
number of cow activity units fans successively to 5.U and 0.7. Tne corre­
sponding activities which successively "come in" instead are industrial 
tomatoes (2 dunams) and cotton (ll dunams). Considering 0.7 cow activity 
units in the plan as practical exclusion of dairy production,^ it may be 
said that the price of 0.170 I.L. per liter of milk, ceteris paribus, makes 
the dairy production unprofitable in the opportunity sense. Below the 
price of 0.170 I.L. per liter, and within the range of 0.170-0.150 I.L. 
per liter, some adjustments in the management of the dairy are performed, 
the succession of the optimal cow activities in response to falling prices 
being F^, C^, F^ and, finally, Cg at the price of 0.163 I.L. per liter. 
It is recalled that the letter C denotes cow activity with a feeding system 
aimed to minimize money expenses, ana the letter F denotes cow activity 
with forage crop mix which minimizes water use. The subscripts 1 and 2 
stand for 50 percent and jO percent, respectively, of concentrates in the 
feeding ration. These "intradairy adjustment" suggest that at a lower 
^The 0.7 cow activity units may be regarded as equivalent to the fat­
tening of three calves included in the plan of the field crop farm. 
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price of milk, a lower proportion of concentrates in feeding should be 
applied (thus raising the net income per activity unit), and also that at 
a lower price of milk, economizing in cash costs should De preferred to 
saving of irrigation water. However, in tne actual situation considered, 
these adjustments have very little effect on the total income of the farm, 
and consequently the cow activities other than F^ 'W ^e regarded as 
irrelevant to further analysis. Finally, as the price of milk falls to 
O.l^S I.L. per liter, dairy production is completely excluded from the 
optimal plan and is replaced by j.9 dunams of sorghum. 
The results presented in Table 27 provide the basic data for a norma­
tive stepped supply function of milk on the varying-type farm. The quan­
tity of milk to be supplied by tne farm in response to the price level 
(shown in the first row of Table 27) is equal to the numoer of cow activ­
ity units (shown in rows 1-U of Table 2J) multiplied by 3650 liters per 
cow (the marketed quantity). 
It should be noted that the above analysis which underlies the norma­
tive supply function of milk refers to the dairy activity from the ex-ante 
point of view. Namely, the fixed costs, like depreciation and interest on 
dairy barn and other fixed assets, were deducted from the income of cow 
activity unit. Also the interest on owned capital invested in dairy was 
charged as an opportunity cost of this activity and was deducted from its 
income."*" Since the stucfy deals with newly established farms the ex-ante 
approach seems to be the appropriate one. However, it should be recalled 
that if the ex-post point of view is taken, and the fixed cost and owned 
^For details see Tables 44-50 in the Appendix. 
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capital opportunity costs are not accounted for, then in the short run the 
position of dairy as compared with field crops becomes more advantageous, 
i.e., a more significant drop in the price of milk is necessary to elimin­
ate dairy from production. The same remark is relevant with respect to 
the price variation analysis in the next section. 
Simultaneous Variation of Prices of Milk and the Other rroaucts 
The previous analysis was performed on tne basis of the assumption of 
ceteris paribus with respect to prices of the other products and as such is 
of limited value. Nevertheless it is helpful in identifying other activ­
ities which compete with dairy. These activities in the order of their 
falling competitive power with dairy production are: fall tomatoes, 
carrots (these two activities are more profitable than"dairy under the 
primary assumptions), sugar beets, industrial tomatoes, cotton and sor­
ghum. The next crop potentially competitive with dairy is peanuts, the 
relative profitability of which is so low that it does not come into one 
of the plans considered in Table 27. 
Relaxing the ceteris paribus assumption and providing for variation 
of prices of products which are competitive with milk, involve a very 
large number of alternative price combinations. As a matter of illustra­
tion, the normative effect of simultaneous variations of prices of milk 
and cotton is presented in detail in Illustration j and Table 2d. Illus­
tration 3 shows the optimal plans for various combinations of prices of 
cotton and milk. The nature of the various plans, A through ft, is explain­
ed in Table 28. 
The diagonal line RS in Illustration 3 divides the two coordinate 
«- 250 
y 225 
J 2 00 
175 
H 150 
u_ 
oc 
.100 .150 R .200 .250 .300 .350 .400 .450 .500 
PRICE OF MILK, I. L. PER LITER 
Illustration 3. Optimal programs of the varying-type-farm ab various 
levels of prices of rnilk and cotton 
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Table 28. Optimal programs of the varying-type farm at various levels 
of prices of milk and cotton8. 
Plan 
Cow 
activity 
units 
Fall 
tomatoes 
d. 
Fall 
carrots 
d. 
Sugar 
beets 
d. 
Industrial 
tomatoes 
d. 
Cotton 
d. 
Sorghum 
d. 
A 0 1 2 — 5.5 2 11 3.9 
B .71 1 2 5.5 2 11 0 
C i.y/ I 2 5.5 0 11 0 
D 3.51 1 2 0 0 11 0 
E 3.90 1 0 0 0 11 0 
F 5.hk 1 2 5.5 2 0 0 
G 6.30 1 2 5.5 0 0 0 
H U.24 1 2 0 0 0 0 
K 8.63 1 0 0 U 0 0 
aExplanatory table to Illustration 3« 
space presented in the graph into two areas: the upper area in which 
cotton dominates daily, and the area below the line ,o5 where daiiy 
dominates cotton. Above the line RS 11 dunams of cotton are included in 
all plans, irrespective of the price level of cotton. This is an inter­
esting result which follows from the fact that other competitive crops 
which dominâte cotton when the price of cotton is low, are restricted 
in their areas either by crop rotation restrictions (sugar beets) or the 
vegetable area allotment (fall tomatoes, carrots and industrial tomatoes). 
Thus, at a low price level of cotton, the dominating crops cannot be ex­
panded and cannot replace cotton due to the maximum area restrictions on 
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each one. On the other hand, when the price of cotton rises the area of 
cotton cannot expand above 11 dunams due to the crop rotation restriction 
on cotton. Below the line RS, milk is produced, starting with the price 
of 0.16? I.L. per liter (which corresponds to the lowest price of cotton 
considered, 750 I.L. per ton). At this price level $,kk cow units are 
optimal. The number of cow units rises gradually to 6.3, o,2 and ti.6 as 
dairy dominates successively industrial tomatoes, sugar beets and fall 
carrots with the rising of the prices of milk to 0.227, 0.232 and 0.407 
I.L. par liter, respectively. Prices of milk above 0.500 I.L. per liter 
were not considered. 
The region of particular interest to tne objective of tne analysis is 
the one corresponding to the Plans A, B and G in Illustration 3, plans 
from which dairy activity is practically excluded, remembering tnat the 
optimal plan of the field crop farm derived in the last chapter includes 
feeding of a few calves, more specifically Plans d ana C with 0.71 and 
1.57 cow units should be regarded as equivalent to tne plan of the field 
crop farm; the cow units included in Plans S and C should be considered as 
equivalent to the feeding calves activity on the field crop farm. 
The simultaneous variation of milk and cotton prices illustrates the 
general relation between the various competitive activities. It does not 
seem of much interest to present in detail other varying price combina­
tions. Rather than that, the main facts underlying these variations will 
be presented. These are the facts: 
(a) All the field crops considered in the alternative plans are 
restricted in their areas, as mentioned already previously. 
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(b) For the many different price situations there are three plans 
of interest which practically exclude the dairy enterprise. 
These three plans are presented in Table 29. The plans in this 
table are not the only ones which practically exclude dairy. 
However, they are the most relevant to be considered because they 
are consistent with the declared policy of the authorities to 
introduce industrial crops to the farms. Also from the point of 
view of their relative profitability the industrial crops are the 
most likely substitutes for dairy on family farms. 
(c) The third fact which underlies the variation of prices is that in 
all three plans shown in Table 29, the total quantity of irriga­
tion water is the only exhausted resource"*" (apart from maximum 
area restrictions on field crops). 
Table 29. Alternative plans of the varying-type farm with practical^ 
exclusion of the dairy activity 
Plan 
Fall 
tomatoes 
d. 
Carrots 
d. 
Industrial 
tomatoes 
d. 
Sugar 
beets 
d. 
Cotton 
d. 
Peanuts 
d. 
Cow 
activity 
units 
I 1 2 2 5.5 11 0 .71 
II 1 2 0 5.5 11 0 1.57 
III 1 2 2 5.5 0 11 1.30 
aThe small number of cow activity units in the last column may be 
interpreted as equivalent to feeding beef calves, included in the plan of 
the field crop farm. 
^Phis may be due to the assumption (thus far unavoidable) of fixed 
irrigation norms. The shortcomings of this assumption have been discussed 
in the last chapter. 
no. 
As a consequence of facts (a) and (c) above, it may be concluded 
that in order to have any one of the three plans in Table 29 as optimal, 
the following conditions should be fulfilled: 
(1) The field crop activities included in the plan should dominate 
the dairy activity. 
(2) The activities not in the plan should be dominated by any activity 
in the plan. 
(3) The condition for domination is that tne net income per unit of 
water (the only restricting resource) of the dominâting activity 
should be greater than the net income per unit of water of the 
dominated activity. 
The analysis of simultaneous price variations was restricted only to 
downward changes in the price of milk and only to those upward changes in 
prices of field crop products which are necessary for domination of dairy 
by the field crops. The range of situations under which flan I of Table 
29 prevails is summarized in Table 30. Table 30 is divided into three 
sections, X, I and Z. In section X the prices of milk are in their lowest 
range, in section Z in their highest. In correspondence to the rising 
prices of milk through section X to 2, tne prices of field crop products 
rise to the extent necessary for these products to dominate dairy. 
In section X of Table j0 the price of milk is assumed as having 
fallen down to the level (0.179 I.L. per liter) where cotton at the 1957 
price may compete with dairy. This implies 26 percent drop in the price of 
milk as compared with the 1957 level. Next, still in section X, the 
prices of cotton and milk rise simultaneously up to the level where they 
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Table JO. Major price combinations under which field crops replace dairy 
on the varying-type farm Plan Ia 
Fall Fall 
Activity: tomatoes carrots 
Activity units 
in plan: 1 2 
Unit of product: ton ton 
Sugar Indus. Cow act. 
beets tomatoes Cotton F]_ 
5.5 2 11 .71 
ton ton ton liter(milk) 
nan^e of situations 
X Price par unit of 
product, I.L. 170 95 h7 100 050-1123 .179-.227 
Change in price, 
percent 0 0 0 0 0-32 (-23)-(-^?) 
Y Price per unit of 
product, I.L. 1?0 95 hi 100-103 1123-1156 .227-.232 
Change in price, 
percent 0 0 0 0-3 32-36 (-9)-(-7) 
2 Price per unit of 
product, I.i,. 170 47-51.2 lOj-^^2 11^6-125-' .232-.250 
Change.in price, 
percent 0 U 0-10 J-12 36-ko ;-7)-0 
a0nly downward changes of tne price of milk ana une necessary corre­
sponding upward movements of prices of field crop products are considered. 
^Compared \Titn tne base pcriou lavel (1957). 
become equally profitable with tne next competitor, industrial tomatoes. 
The range of variation in prices of cottn in section 1 with respect to the 
basic period is from zero up to a rise of 32 percent, i'he corresponding 
drop in the price of milk is between (-26) to (-9) percent. 
In section Ï of Table 30 the prices of the three activities - indus­
trial tomatoes, cotton and dairy - vary in a parallel manner wnich pro­
vides for domination of daiiy by field crop activities. The percentage­
wise changes in prices of the three products are small, as shown in Table 
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30: the price of industrial tomatoes rises by 3 percent, the price of 
cotton by it percent and the price of milk by 2 percent. 
Section L starts where the prices of milk ana of related field crops 
rise up to the level where the pries of sugar beets musb rise in order not 
to be dominated by dairy. The highest level of prices in section d is 
that one which corresponds to the base period price of milk (i.e. the price 
in 1957, 0.250 I.L. per liter). To achieve; domination of dairy ab this 
milk price lbvel the price of sujar beets should rise by 10 percent, the 
price of induscriai tomatoes by 12 percent, and the price of cotton by 43 
percent. The fresh vegetaoles vfail tomatoes ana carrots) nominate dairy 
at the base period price level. 
To be more precise,, trie prices of field crop products stated above as 
necessary to dominate dairy are such only at bhe margin. At the exact 
prices stated, tne field crops and dairy are equally profitable, and a mar­
ginal rise in the prices of field crop products is required bo dominate 
dairy. Furtnermore, it snould be noted that the price relations discussed 
above rely on tne assumption of profit maximization as tne guiding objec­
tive of the farm operation. Actually some upward margin in tne prices of 
the crop products should be allowed to compensate for tne non-monetary ad­
vantages of dairy. 
Referring back to Table 29 it is recalled that two other plans, namely 
Plan II and Plan III, are also feasible for excluding dairy from produc­
tion. Pain II is similar to Plan I except for the exclusion of industrial 
tomatoes which are substituted by 0.9 cow activity units. Plan II may be 
in effect if prices of milk and cotton rise to the level of section Y and 
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Z in Tabla 30 with no parallel rise in the price of industrial tomatoes. 
In this situation industrial tomatoes will be dominated and excluded by 
dairy. Plan III is equivalent to Plan I except for 11 dunams of peanuts 
which substitute cotton in the plan. For Plan III to De optimal the 
necessary rise in the price of peanuts is 22-65 percent above tne base 
period Isvel corresponding to prices of milk between 0.179 to 0.227 I.L. 
per liter - a rise of 65-71 percent corresponding to tne prices of milk 
between 0.227 to 0.232 I.L. per liter. Finally, s rise of 71-^7 percent 
in tne price of peanuts is necessary if the prices of milk will be between 
U.^32 to 0.^50 I.L. per liter. Namely, if peanuts substitute for cotton 
and plan III comes into effect, the required adjustment in tne price of 
peanuts is much more drastic than in tne case of cotton. 
Variation in Prices of Products and 
the ivJet Income of the Activities 
The preceding discussion was mainly in terms of varying prices. The 
reason for this is that at the present time in Israel prices are the most 
susceptible instruments for manipulation by tne policy maxers. Tne prices 
of cotton, sugar beets and industrial tomatoes are suosidized in order to 
induce farmers to grow these crops; the milk price is controlled too. Con­
sequently, the trends of production on tne farms may oe controlled by the 
setting of appropriate price controls on the relevant products. However, 
the price of a product is only one determinant, even though possibly a 
major one, of the relative profitability of the corresponding activity. 
The ultimate parameter which determines the relative profitability of an 
activity is the net income per one unit of that activity. Consequently any 
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other parameter which contributes to varying the net income of an activity 
unit may contribute to a variation of the optimal production plans. The 
general formula of the net income of an activity unit is this: 
(11,1) Let income = yield x price of product - costs 
It follows from these relations that a change in the physical yield has 
the same effect on the net income as a proportionally equal change in price. 
A given absolute change in totai cost per activity unit inuuces tne same 
absolute change into the net income of that activity. A change in total 
cost par activity unit may be caused by either a cnange in the quantity of 
resources used or a change in the prices of resources. ,ilso a given change 
in tne net income may be due to a comoined effect of tne above factors. 
These relations, wnicn may either complement or compensate for variations 
in prices, should oe kept in mind when the implications of variations in 
prices are considered. 
The Net Net Income of the Field Crop Farm with 
Varying Prices of Field Crop Products 
The previous analysis has derived a succession of combinations of 
prices under which Held crops dominate the dairy activity. Now the in­
come of the field crop farm under these situations should be considered. 
For this purpose the prices derived previously were "plugged" into the 
optimal plan of the field crop farm, derived in detail in a previous chap­
ter, It should be noted that this plan is not affected by the variations 
in prices considered, ana only the net net income of the farm varies. The 
varying net net income of tne field crop farm is shown in Table jl. With 
lilô 
Table 31. Net net income of the field crop farm at various price 
situations 
Price situations3 
Rise in price of 
Cotton, percent 0-32 32-36 36-48 
Industrial tomatoes, percent 0-3 3-12 
Sugar beets, percent 0-10 
Net net income I.L. 1,913-2,553 2,553-2,646 2,646-3,077 
Corresponding to Table 30. 
a rise of J2 percent aoove tne 1957 price in tne price of cotton, tne net 
net income of tne field crop farm rises from 1,913 I.L. to 2,553 I.L. With 
a rise of 36 percent in the price of cotton and by 3 percent in the price 
of industrial tomatoes tne net net income rises to 2,646 I.L. An income 
of 3,077 I.L. is attained if the prices rise by 4b, 12 and 10 percent, 
respectively, for cotton, industrial tomatoes ana sugar beets. As men­
tioned in reference to Table 30, tne above are the minimum cnanges in 
prices of field crops necessary to dominate dairy at various price levels 
of milk (O.I79-O.277 I.L. per liter for range of situations X, 0.227-0.232 
for range of situations Y, and 0.^32-0.250 I.L. per liter for range of 
situations Z). If greater changes in prices of crop products will be in­
volved trie income of the farm will rise correspondingly. 
The above stated conditions are rather orientational benchmarks for 
the great variety of situations under which field crop farming may exist. 
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A great diversity of situations exists for varying prices of field crop 
products above the critical price necessary to dominate (or keep equi­
librium with) dairy. Further research on a country-wide basis may clarify 
the optimal level of prices of the various products the level of 
subsidies) so tnat the total amount of subsidies will be minimized on tne 
one hand, and an appropriate income to the farm will be secured on tne 
other hand. 
Again, it should oe recalled that tne above analysis refers to dairy 
in the ex-ante sense. In particular we note tnat. the interest on owned 
capital invested in dairy production is charged as an opportunity cost of 
this activity. This approach assumes tnat the field crop farmers have 
equivalent opportunities for investment of their savings. More on this 
point will be said .in Summary and Conclusions. 
Resource Variations 
Land and water 
Changes in the optimal production plan of a farm may also be induced 
by varying the amount of tne fixed resources available to the farm. The 
logic of this relationship is as follows: The condition for an activity j 
to be included in the optimal production plan is tnat its net income Cj 
should be higher than or equal to its opportunity cost, where the oppor­
tunity cost may be expressed in ternis of the imputed value of the resources 
utilized by that activity. Sufficiently changing the available amount of 
a fixed resource k will induce a change in tne opposite direction in the 
imputed cost of that resource, and will change the pattern of opportunity 
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costs of the various activities. In general, it may be expected that in­
creasing the amount of a resource k will tend to increase the relative 
profitability of an activity whicn draws comparatively heavily on use of 
that resource. On tne other hand, decreasing the available amount of that 
resource will tend to have an opposite effect. The exact, relationships 
between the quantities of resources and the optimal programs may be de­
rived through linear programming techniques. 
The fixed resources considered in tne programming of tne varying-type 
farm were land used in particular periods, total amount of irrigation water 
and irrigation water in summer months. It is recalled tnat in all rele­
vant plans previously derived with various levels of aairy and field crop 
activities in the plan, tne total amount of water was the only effective 
restriction. Consequently, tnere is no sense in attempting to vary up­
wards tne area of land which is not exhausted. Also, in view of the gen­
eral scarcity of water in the country, an increased allotment of water to 
the farm with the same land area, may not be considered as a reasonable 
policy recommendation. On tne whole, the possibility of varying tne land 
or water resources of the farm separately, is ruled out. The possibility 
of simultaneous variation of the two resources, i._e. increasing the scale 
of the farm, is discussed in a later section. 
Capital 
In the previous analysis capital investment was assumed to be non-
restrictive. It was assumed that the necessary investment capital would 
be either borrowed or gradually accumulated by the farmers until the quota 
needed for full development of the farm will be attained. This assumption 
Hi? 
was justified on the ground that no particular time was set for the planned 
farms to attain their full level of development. how, it is of interest 
to examine the implications of the availability of investment capital on 
the optimal plan of the varying-type farm. 
A farm with a fall amount of all-purpose fann assets was considered 
as a starting point. This situation corresponds to reality where the all-
purpose assets are provided by the Department of Settlement ana are supple­
mented by loans from tne Ministry of Agriculture. Thus, only trie specific 
investment required for i..dividual activities was considered in the anal­
ysis. Considering tne specific investment, field crops do not require any 
additional investment aoove tne all-purpose assets. On the other nana, 
the specific capital investment required per one cow activity unit is 
estimated at 2,810 I.L. This consists of 510 I.L. in buildings, 1,500 I.L. 
value of a cow ana 300 I.L. value of a neifer. Certainly, tne rate of 
development of dairy production will lean neavily on tne availability of 
capital. 
Table 32 presents tne various optimal production plans as influenced 
by the amount of capital available for investment in dairy. The various 
plans and their succession in Table 32 are essentially the same as those 
arising through variations in profitability of cow activity, which were 
presented in Table 27. With an increasing amount of capital available the 
cow activity replaces gradually the crop activities in the optimal plan. 
The succession of the outgoing field crop activities follows the increasing 
order of their profitability. Consequently, tne marginal increase in the 
net income falls as additional capital is invested in dairy. The bottom 
row of Table 32 shows the marginal returns to the capital invested in dairy 
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Table 32. Optimal plans of the varying-type farm at various levels of 
investment capital available3, and 1757 price structure 
Capital available13 I.L. 
0 1,995 15,266 17,703 23,15k 
Above 
23,15k 
Activity Activity units in plan 
Cow activity F^ 0 .71 5.iili 6.30 8.2k 6.2k 
Sorghum 3.9 0 0 0 0 0 
Cotton 11 11 0 0 0 0 
Industrial tomatoes 2 2 2 0 J 0 
Sugar beets 5.5 p.5 5.5 r>.5 0 0 
Fall carrots 2 2 2 2 2 2 
Fall tomatoes 1 1 1 ~ 1 1 1 
Net income I.L. 3,205 3,412 k,6^k k,727 k,d5k M5k 
Marginal return to 
I.L. invested .119 .091 .030 .023 0 
aAbove the level of all-purpose assets. 
kIntermediate values are subject to linear interpolation. 
production. These figures represent the marginal returns to capital after 
deduction of the payments on borrowed capital ana after deduction of 5 
percent interest on owned capital invested in dairy. 
The magnitude of the marginal returns to capital seems to justify 
expansion of daily on the farms. It is difficult to specify to what ex­
tent lack of capital may restrict this development. On the basis of the 
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1957 survey and other information it seems that farmers will actually tend 
to save and accumulate -the necessary capital for dairy expansion. The con­
venient and "natural" way of accumulating capital in dairy livestock may 
reinforce this tendency. Only if the farmers will not have a minimum in­
come to allow them to save, lack of capital may become an obstacle in the 
expansion of daiiy, which will be wanted unless its relative profitability 
decreases. 
Change in Scale of the Field Crop Farm 
In the section on variation of prices it has been shown that equilib­
rium between field crop and dairy farms may be attained either by: (a) a 
drastic rise in the profitability of field crops, or by (bj a drastic de­
crease in the profitability of dairy, whereby the income of the farm will 
be low. Considering tne two above possibilities as undesirable anotner . 
possibility is examined in the present section, namely increasing tne scale 
of the farm. A field crop farai with a plan as derived in tne last chapter 
will be used as a model. The following assumptions are made: 
(a) Tne profitability of field crops will remain on the level of the 
base period or will be allowed to rise to a moderate extent only. 
(b) The profitability of dairy will fall to the equilibrium level 
with field crops. As has been shown, this is a necessary condi­
tion for the existence of tne field crop farm type. 
(c) The scale of the farm will increase. 
A normative analysis of the changing scale of the farm confronts sev­
eral problems which are typical to any extrapolation of data beyond the 
range to which they naturally apply. 
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The first problem is concerned with the physical input output coeffi­
cients of the various activities. It is assumed that for moderate changes 
in scale the coefficients will remain unchanged. This assumption is ob­
viously justified with respect to inputs of water, fertilizers, chemicals 
and other production materials. The assumption may be questioned with 
respect to farm machinery and labor coefficients. However, the cost of 
hired farm machinery is a low proportion of tne total cash costs per activ­
ity unit (13 percent in cotton, 19 percent in peanuts, 13 percent in sugar 
beets) and tne error introduced by the above assumption will nob be large. 
Furthermore, some village cooperatives which provide farm machinery serv­
ices charge the farm on the basis of custom work accomplished per dunam; 
tnen the question of scale is irrelevant. Considering labor, greater 
efficiency may be probably attained with the increase in scale in some 
production activities; however, the extent of this gain can hardly be esti­
mated unless a specific study of the question is performed. This point 
should be kept in mina while evaluating tne forthcoming results. ... 
Another problem is concerned witn the exact supply of family labor 
available. On the basis of the experience of well established family farms 
in Israel a maximum of i>50 hours of family labor per month is assumed. 
This number refers to an average family, and is susceptible to changes 
depending on tne siae of the family, the age and various characteristics 
of the members of the family. All labor requirements above this level 
(550 hours per month or rather 1100 hours per two-month period) are assumed 
to be met by hired labor. Under the above assumptions the net net income 
of the field crop farm with increased scale was estimated for three levels 
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of cotton prices, cotton being the marginal crop competitor of dairy in 
the range of low prices. Prices of other field crops were assumed as un­
changed. 
Table 33 presents the estimated not net income of the field crop farm 
with increased scale. As shown in the table the income increases along 
Table 33. Estimated net net income2, of the field crop farm with 
increased scale 
Change in scale, ratio lb 1.25 io 
Price of cotton, I.L. per ton I.L. X  « - u  •  I . i i .  
u5o° 1,913 2,7ul 3,39k 
1,000 2,26> 3,133 3,7k6 
1,1%3 2,>53 - 3,421 k,0j> 
ariie pro auction in all activities is assumed to increase proportion­
ally to the increase in scale. Adjustments in fixed costs have oeen 
accounted for. Expenses for hired labor were charged for labor require­
ments aoove lluO hours per two-month period. 
DNo change in scale. 
c3ase perioa level (19^7). 
the rows due to the increase in scale of tne farm; along the columns the 
income increases due to the increase in price of cotton. The income of 
the farm will rise more if prices of other field crops rise too. 
An important and possibly critical result of the increase in scale 
is the increased requirement for labor input. In the farm with an un­
changed scale, labor was not a restrictive resource; however, the family 
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labor supply (assumed as at most 1,100 hours per two-monthly period) be­
comes insufficient, with tne increase in scale of the farm, hors specific­
ally, labor becomes scarce daring September-October, the season of picking 
cotton. The excess requirement of labor over the supply in this period is 
16? hours for an increase in scale by 1.25, aud h,ll hours for au increase 
in scale by 1,5. These results suggest that the question of availability 
of labor during the harvest period may become a serious drawbacx to in­
creasing the scale of the field crop form, unless its plan is modified 
appropriately. However, any modification of the optimal plan is likely to 
reduce tne' income. 
Summary of the Chapter 
The analysis presented in this chapter has identified ana estimated 
quantitatively the changes in the planning parameters necessary for tne 
existence of tne field crop farm along wita the conventional dairy farm. 
The net net income of the field crop farm in tne various situations de­
rived, has also been estimated. A more general evaluation of these situa­
tions will be discussed in the Summary and Conclusions. 
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NON-LB^ PRuORàt-a-aNa WITH SEPARABLE OBJECTIVE FUNCTION 
Foreword to the Chapter 
The analysis performed in this study refers only to family farms in 
North Western Legev. The aggregate agricultural output of the region com­
prises a snail proportion of the total output of the country, and as such 
confronts competitive markets with horizontal demand curves (unless the 
mark-.; g s are controlled by tne ^overniaenû, in which case tne demand curves 
are horizontal too). However, with r-spect to some crops the ration should 
be regarded as a major producer on a country-wide oasis. This is true with 
- respect to certain varieties of vegetables wnich ripen in the winter and 
which, due to soil and climatic conditions, may be grown only in ltegev and 
possibly in one or two other regions in tne countryIn view of tnis 
situation and in view of the fact that production of vegetables has become 
centrally controlled in Israel, the need arises for more precise planning 
of tne production of vegetables in the region, in the previous analysis 
the vegetable area allotments to trie farms were stated on the basis of a 
projection of the current situation into the future. refinement of tne 
analysis implies the introduction of non-linear programming, where the 
vegetables specific to tne region will be considered as confronting down­
ward sloping demand functions. The exact formulation and the empirical 
analysis of this proolem fall beyond tne scope of tnis study; in the first 
place, it requires a knowledge of the relevant demand functions, which have 
H'egev has a comparatively arid climate and its soil is well drained. 
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to be estimated. However, as a basis for further empirical study a new 
approach to non-linear programming is presented. This approach may be 
applied in the future to regional planning as in tne case described above, 
or may be extenaed to planning on higher levels of aggregation. 
The interest in non-linear programming is almost as old as in its 
linear correspondent. In 19>1 Jjorfman (12) outlined tne solution approach 
to a problem with negatively sloped, linear demand functions and inde­
pendent activities, and to a quadratic programming problem with dependent 
a c t i v i t i e s ,  ^ u a a r a b i c  p r o g r a m m i n g  w a s  f u r t h e r  e x p l o r e d  b y  W o l f e  \ S l ) ,  
Hartley (.21) av.a others. However, quadratic programming is probaoly of 
limited use to economic problems. Cnames ana .uemke (10) extended non­
linear programming to a mucn wiaer category of problems with separable 
convex junctionals, by applying linear piecewise approximation to the 
(separable) components of tne objective function. Hartley (21) modified 
the approach of linear piecewise approximation to separable convex func­
tional^ to problems with non-linear constraints. Hartley also discusses 
the steps for simplifying the computations involved. 
The aim of this chapter is to present a new approach to the solution 
of non-linear programming problems with separable objective function, 
where some (or all) of the products involved in planning are subject to 
negatively sloped, continuous demand functions. 
The main feature of the suggested approach may be sketched out briefly 
before the detailed discussion: We consider for each "monopolized"^ 
•k'he term monopolized is used as a simplification of an expression for 
much wider category of all products with negatively sloping demand curvese 
Thus, the term applies as well to aggregate production by competitive firms 
(as e.g. in problems arising in regional or national production planning). 
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activity its marginal net revenue function, which is approximated, by a, 
stepwise approximation. Each step or segment of the net revenue schedule 
is considered as a distinct subactivity. 
The problem set in this manner is easily solved by the standard 
simplex method. The simplex solution may be brought to any desired degree 
of precision by successive stepwise approximations of the relevant range 
of the net revenue function. Furthermore, the approximate solution may be 
used to reformulate the problem towards finding the exact solution by a 
system of equations. 
Formulation of the Problem 
The problem of non-linear programming with separable objective func­
tion and linear constraints considered in this paper may be formulated as 
follows: The goal is to maximize the profit function: 
n 
(12.1 ; f • fZ C;x, ( j - 1, 2, ..., n) 
j=l J J 
where some of the Cj1s, the net income per unit of the j-th activity, are 
non-linear functions of tne corresponding quantities Xj: 
(12.2) Cj = gj (xj) 
The objective function is assumed to be separable in the sense that 
each of its components depends only on one of tne Xj's. Some of the 
gj (xj) functions may be constants. Otherwise, tney are (by assumption) 
continuously decreasing functions in the Xj1s. It is obvious that if all 
c < ' s  a r e  c o n s t a n t s ,  i . e . ,  i f :  J 
(12.3) Cj » kj for all j 
where kj is a constant revenue regardless of output, the problem is 
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reduced to one of linear programming. 
Furthermore, the maximization is subject to a set of linear con­
straints: 
n 
(1*.U) ZE a-, x, < bi (i = 1, 2, rn) 
j=l J J 
and Xj > 0 >Nj s 1, 2, •••, n) 
We first assume: (a) constant coefficients of production (constant 
a - . ' s ) for eacn activity, independent of its level, (bJ tne proaact 
•Lj 
Xjjlg. (x.jl is differentiable with respect to x- and its derivative is J t- j j J J 
either a constant or a positive, continuously decreasing function in Xj. 
The derivative d/dx^ xj [2j (%j^ is easily identified as the marginal net 
revenue of tne j-tn activity, ,Ve also assume tnat (c) tne individual 
activities are tecnnically independent. The implications and possible 
modifications of tne assumptions will be discussed in a later section. 
In particular tne modification of the assumption of constant input coeffi­
cients will be shown. 
Definition of Set Suoactivities of a Parent activity 
producing a Monopolized Product 
We face a problem of planning the production level of activities, some 
of which produce monopolized products, subject to restrictions lli.li. For 
any activity k, involved in production of a monopolized product we derive 
its net revenue function. Given a market demand function for product k 
and the total cost (of production) function, the marginal net revenue, 
is tne difference between the marginal gross revenue, MR^, and the 
marginal cost, hG^: 
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(12.» = 1'iRjj. -
The• marginal net revenue function is approximated, say, by r "steps" 
or segments. Such a stepwise approximation to a hypothetical marginal 
net revenue function is shown in Illustration it. 
As shown in Illustration I4 the stepped net revenue function is Bound­
ed from outside by tne corresponding continuous function. Thus, the net 
revenue over tne whole quantity segment from any to q^+j is that corre­
sponding to the quantity level Bach segment of the stepped net 
revenue function is considered as a distinct subactivity of the parent 
activity k, an activity with a downward sloping continuous demand function. 
The subactivities of tne same parent activity have the same input coeffi­
cients ;by assumption) but have different marginal net revenue, j^ach sub-
activity of the set (i.e., each segment of the marginal net revenue curve) 
corresponds to a given level of output of activity k. 
In the preceding section we nave shown how each of the monopolized 
activities is partitioned into a set of subactivities, each subactivity 
corresponding to a given level of production of the parent activity, and a 
given marginal net revenue. 
The subactivities of the same set have a property whicn is essential 
to our approach. The s uo activities with higher marginal net revenue domin­
ate the subactivities of the same set with lower marginal net revenue. 
Namely, 
Tne Approximate Solution 
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8 MNR 
MNR 
MNR 
MNR t 
I ^ ^ ^#+1 
quantity 
Illustration I), Stepwise approximation.to a hypothetical 
P-l 
marginal net revenue function 
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where MNR^ is the marginal net revenue of the t-th sub activity of the 
k-th activity and a^ is tne i-th input coefficient per unit of the 
(kt)-th subactivity. 
Relation 12.6 is obvious since a^^. = ^j^r^tl) assumption of con­
stant coefficients and ) due to decreasing marginal net 
revenue. Due to property 12.6 the subactivities of the same set will enter 
into the plan successively according to their decreasing marginal net 
revenue. 
If we set proper quantity restrictions in the b vector (i.e., augment 
the vector of real restrictions given in 12.it) and set coefficients of one 
in the corresponding position in the subactivities' vectors, the corre­
spondence between the quantity level a^ji the marginal net revenue of each 
subactivity will be preserved. The restrictions vector and the r sub-
activities of a monopolized activity k are shown below: 
12 r 
restrictions vector S Subactivity vectors P^, P^, ..., P% 
(12.7) S = 
12-%1 
%3-%2 
Wi 
pk = 
a a" a 
1 0 0 
0 1 0 
0 
2 
* 
rlc " 0 
II
 
0 
„ 0„ . 0 .  _  1 ,  
first Second r-th 
The subvector b, which is a part of tne augmented restrictions vector 
S, is an m column vector, the elements of which are the real restrictions 
given in 12,h in the formulation of the problem. The remaining ele­
ments of S are quantity restrictions (q^-q^), (^>~^l^ •••* ^r-qr-l^ 
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imposed on the subactivities of k. 
12 r 
The subvector a in the subactivities1 vectors P^, P^, .P^ is an 
m column vector of real input coefficients a^ (i = 1, 2, ..., m) given 
0, which provide the correspondence between tne relevant subactivity and 
(qr-qr_]_) and the marginal net revenues corresponding to the sub-
activities are taken from the stepwise approximation of tne marginal net 
revenue function, as presented in Illustration h* 
for  each additional set- of suuactivities of a monopolized activity, 
similar additions of restrictions to tne b vector snould be performed. 
In general each segment of a monopolized activity implies addition of one 
restriction to the restrictions vector. 
Finally the original objective function is reformulated in order to 
conform to the discrete modification of the problem. Assuming that the 
first p(p n) activities represent monopolized products, the other being 
competitive, the objective function 12.1 may be written: 
12 r 
in 12.it. The remaining coefficients in P^, Pk, ..., P% vectors are 1 and 
the level of output of the activity k. 
P n 
We rewrite the above: 
(12.5) f -
where is the marginal net revenue of the j-th activity 
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and its integral over the range of Xj is the corresponding total revenue. 
Using the discrete approximation and recalling that Xj 0 for all j, we 
get for f: 
41 v  ^ y (12.9) f = % Z- MNBot ... + ... +2- miy. + ^ c,x, 
t=l t=l t=l p j=p+l J J 
where the subscript t denotes the t-th subactivity of any monopolized 
activity j and the Xj's with j >p represent the competitive activities. 
The above formulation of tne suoactivities and the modification of 
the objective function transforms the problem into one (a) equivalent to 
the marginal allocation problem known from basic economic tneory and ;b) 
easily solvable by the simplex method. Indeed tne simplex procedure fol­
lows the marginal allocation principle. The resources are allocated step 
by step to those activities which provide the highest net revenue at each 
step, while the net revenue of each activity is discounted by its oppor­
tunity cost. 
The modified objective function, which is equivalent to the original, 
except for the discrete approximation introduced, is maximized subject to 
the real restrictions of 12.it and the additional quantity restrictions 
imposed on the x^'s. The correct order of "entering into the program" 
in each set of subactivities is guaranteed by the fact that the subactiv­
ities with higher marginal net revenue dominate those with lower marginal 
net revenue. 
The detailed arrangement of'the simplex table and the process of 
approximate solution are illustrated by means of an example presented in a 
later section. 
Ibh 
The Exact Solution 
After derivation of the first approximate solution an improved approxi­
mation may be obtained by a more precise segmentation of the relevant part 
of the net revenue function, and by repetition of the simplex process.^" 
For most practical purposes, a close approximation will be satisfactory. 
Obviously, by successive approximations, the solution may be orought to 
any desired degree of precision. 
However, on the basis of the approximate solution it is possible to 
reformulate the problem to one leading to a system of equations, and if 
these equations are easily solved, successive approximations may be avoided. 
The approximate solution shows which of the real restrictions of 12.ij 
are effective and whi-ch of the activities can enter the program. If this 
is known the problem may be converted into one of solving for a maximum 
subject to linear restraints. Suppose, for our problem, tnab tne first h 
activities enter tne approximate solution and that they use tne first s 
restrictions. We form the Lagrangean expression: 
h s h 
(12.10) F • Z xj[SjCxj)]- Z X i IZ (a±ix. - b ) j-l JL J JJ i»l 1 j=l 1J J 1 
Taking the partial derivabes with respect to the xJs and X ^ 's and equat­
ing them to zero a system of (h-t-s) equations with (h+s) unknowns is ob­
tained: 
^Actually only the last part of the first solution should be repeated. 
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\ . s 
(12.11) xj[Sj(xj)] - Z Xi &ij - 0 (3 • 1, 2, ..., h) 
xj 
(i 3 lj 2, .. •, s) 
The left term in the first h equations 12.11 is the marginal net revenue 
of the j-th activity. As has been shown by Samuel s on (l^t, pp. the 
sources. Each resource whicn is not exhausted has an imputed value of 
zero and hence should not appear in expression 12.10. The last s equa­
tions in 12.11 simply restate the condition that for the exhausted re­
strictions tne sum of the inputs used should equal the total supply. 
The possibility of obtaining the exact solution in this way depends, 
of course, on the mathematical form of the first h equations in 12.11."'" 
It may occur that simplex solution, by its approximate nature allow­
ing for some error, will lead to an erroneous formulation of the Lagrangean 
expression 12.10. In otner words, it may occur that the exact solution 
obtained through 12.10 and 12.11 will be inconsistent with the assumptions 
made in formulation of 12.10 with respect to the effective restrictions 
and the activities used. For example, one of the restrictions assumed 
ineffective and hence not included in 12.10 may become "overused" by the 
solution of 12.11. Or, an activity assumed not to be in the program in 
the formulation of 12.10 may become profitable and relevant for activa­
tion. These inconsistencies may occur if rough approximations are applied 
^If only one real restriction is exhausted, the exact solution may be 
easily derived by an iterative procedure for any mathematical functions. 
Lagrangean multipliers ^^ are equivalent to the imputed values of tne re-
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in the simplex solution, and significant changes are involved in a shift to 
the exact solution. 
To check that the exact solution does not violate any of the real 
restrictions I2.it not included in the Lagrangean expression 12.10, we test 
the validity of: 
h 
(12.12) a. .x. ^  b. (i - sti, s+2, ..., m) 
j-1 1J J 
Also, it is necessary to consider tne justification of elimination of 
the (n-h) activities which were not included in tne formulation of 12,10. 
To this goal we make use of some properties of the solution of a non­
linear .programming problem which were investigated by Kuhn and Tucker (jo). 
The economic interpretation of tne findings of Kuhn ana Tucker is given oy 
Dorfman et al. (13, pp. 10?-l?li). Omitting the proofs which may be found 
in the above references, we restate the following theorem from Dorfman et 
al. (13, p, 193): 
If a certain program x^, Xg, ..., maximizes an objec­
tive function f = x-lg .(x. j] subject to restrictions 12.k then 
j«l J J J 
there must exist some non-negative numbers A-^, X 2> . ., X m 
such that for all values of j (j = 1, 2, ..., n) either: 
(12.Ij) x 9 * 0 (activity j is not used) and 
i t  m 
- 2! 2^ • — o 
j TT, Si ij i 
or 
(12.lit) X? > 0 (activity j is used) and 
\ m 
^ = 0  •  
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We nota that is the marginal net revenue of the j-th activity 
while A ^  is the imputed value per unit of the i-th resource. In economic 
terms, 12.13 and 12 .lit state that for any activity not used, the marginal 
net revenue per-activity unit is smaller tnan or equal to the Inputed 
marginal cost; and that for any activity used the marginal net revenue is 
equal to the inputed marginal cost. 
To check whether tne exact values of A ^ 's derived in solution of 
12.11 do not imply inclusion of additional activities not included in 
12.10 and 12.11 we test the validity of 
If relations 12.12 and 12.1$ are satisfied, the exact solution pre­
vails. Violation of one of the relations 12.12 or 12.15 implies that the 
assumptions in formulation of 12.10 werj incorrect. In this case a closer 
approximation to the exact solution should be sought through the simplex 
procedure. 
The Number of i^eal Constraints used in tne Optimal Program 
It is of interest to consider the situations arising in solutions of 
non-linear problems with respect to tne number of constraints used. We 
consider first a firm which, produces monopolized products only."*" One of 
the two following situations may arise: (a) The maximum net revenue is 
attained within the boundary of the convex polyhedron generated by the 
(12.15) > • • • > n) 
•^The term "firm" is used in its widest sense as an effective decision­
making unit. 
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real constraints 12.lt, i.e., none of the restrictions is exhausted. In 
this case no programming is involved and the problem becomes trivial. To 
find the maximum total net revenue we have to maximize independentlv the 
total net revenue for each activity, i.e.j extend its output up to the 
level at which the marginal net revenue is zero. Hence, facing a problem 
of non-linear programming with monopolized activities only, and having 
reason to suspect that excess capacity exists, we will find it advisable 
to compute directly the maximal net revenue solution a;;d to check whether 
it is feasible, -i case of a monopolistic firm with excess capacity may 
provide an example for tais situation. (b) If the unrestricted maximum 
net revenue point lies out of the feasible convex polyhedron, it is an-• 
attainable, and the level of one or mora activities should be decreased. 
Obviously, in a case where no excess capacity exists the solution lies on 
the boundary of tne convex polyhedron. 
In linear programming the solution always lies on one of the extreme 
points of the convex polyhedron. However, in the non-linear case the 
solution may fall on any point of the boundary, as a result of the non­
linear shape of tne relevant isorevenue functions. Hence, if only monop­
olized activities are involved in a programming problem, there is reason to 
expect that fewer restrictions will be exhausted, in comparison with a sim­
ilar problem with competitive activities and constant prices. Computa­
tional work may be lessened accordingly. (c) Finally, consider a firm 
^Or, assume that one is assigned a task of finding the optimal output 
of U. S. agriculture, with the goal of maximizing the total net revenue of 
the producers. Guessing that excess capacity exists, we can tzy to esti­
mate the optimal outputs for each agricultural industry ignoring the re­
strictions. 
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producing both monopolized and competitive products. The solution will 
always be on the boundary of the convex polyhedron. Each competitive 
activity introduced into the program will "consume" one restriction as in 
the case of linear programming^ and for the same reason. 
If, as we have assumed, in the final solution there are p monopolized 
activities which may possibly not "consume" any one of the m real restric­
tions, tne maximal number of activities in the optimal program may be 
(p m), the number of monopolized products plus the number of real 
restrictions. On the other hand the minimum number of activities in the 
optimal program is one. One activity only in tne solution will occur when 
a single activity consumes completely one of the restrictions which is 
essential to production of any one of the other activities. 
A Numerical Example 
We consider a highly simplified example concerned with two monopolized 
activities (1 and 2) and two competitive activities (3 and I;). The average 
and the marginal net revenue schedules are as follows: 
Activity Activity Average net Marginal net 
number level revenue function revenue function 
X-i XT 
1 xx 120 - Yg 120 -
2 X2 90 "I 90 "S 
3 Xj 75 75 
(12.16) 
h x, 100 100 
The problem is to maximize 
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(12.17) f = (120 - ^  ) + *2 (90 - ) + 75xj + 100x^ 
subject to 
(12.18) 3x^ + liXg + 2x^ + x^ •£. 2500 
X^ 4- Xg + x^ + 2x^ ^ 700 
and 
(12.19) x1 > 0 x2 > 0 x3 > 0 x^>0 
On the basis of the marginal net revenue functions for the two monop­
olized activities we define the corresponding subactivities. The specifi­
cation of the subactivities and of "linear" activities 3 and k is shown 
in Table 3b« 
3 6 2 
It is easily seen that subactivities P^ through P^ and Pg are domin­
ated by activity P^. Thus the set of "real" vectors which need to be in-
12 1 
eluded in the simplex table is reduced to five, including Pq_, Pj_, PG, P3 
and P^. 
The simplex table and the solution process are presented in Table 35. 
1 2 
Considering Section I of the simplex tableau of Table 35# and P^ are 
the relevant subactivities (those not dominated by activity P3) of the 
first monopolized product; Pg is tne relevant subactivity of the second 
monopolized product. P^ and P^ represent the two competitive products. 
In the PQ vector, Pg and P^ represent the real restrictions, while Py, 
2 1 
Py and Pg are the quantity restrictions imposed on the monopolized activ­
ities. The solution proceeds along the standard simplex path. We note 
that in passing from Section I to Section II of Table 35 three activities 
are introduced simultaneously into the "basis" (as a short cut in the com­
putations). The approximate solution is arrived at in Section III. It is: 
Tabla 3li« Specification of subactivities of monopolized products and of competitive activities 
Competi­
tive 
activ-
Activity Monopolized activities ities 
number I 2 ~3 IT" 
symbol ï\ pl pï p> p  ^ 4 p| t\ p| 4 p° p  ^ p3 pll 
Level of 0- 1U0- 200- 300- I4UO- 500- 0- 100- 200- 300- UOO- 500- 600- 700- tiOO- 0- 0-
activity 100 200 300 l|O0 500 600 lUO 2u0 300 UOO 500 6u0 700 000 900 
Marginal net 
revenue 100 do 60 ho 20 0 WO 70 60 5u bo 30 20 10 0 75 100 
Input P5 3 3 3 3 3 3 h h il h k U h il k 2 1 
coefficients 1 1 1 1 1 1 1 1 1 1 1 l 1 1 1 1 2 
Table 35» The sinrplex solution of a non-linear programming problem - an example 
Section 
I 
Section 
II 
100 do do 75 100 J 
PJ po p5 % 4 p7 4 p3 PU 
' 
p5 2,500 1 3 3 U 2 1 
P6 700 1 1 1 I 1 2 
P7 100 1 1 
P7 100 1 1 
p8 100 I 1 
Z
.1 0 0 0 0 0 0 0 0 0 0 0 
ZJ " CJ 0 0 u 0 0 0 -100 -50 -60 -75 -100 
P5 1,500 1 -3 -3 -h 2 1 
P6 loo 1 -1 -1 -1 1 2 
100 P1 100 1 1 
tio P1 100 1 1 
90 P^ 100 1 1 
Z. 26,000 100 do tio 100 tio 60 0 0 J 
Z3 " CJ 26,000 100 60 tio 0 0 0 -75 -100 
Table 35» (Continued) 
'd fo r5 -6 4 
2 
r7 4 
100 dO dO 
4 
75 
p3 
100 
pii 
p5 700 1 -2 -î -1 -2 -3 
P3 ilOO 0 1 -î -l -1 1 2 
Section 
III 
100 
80 
80 
*2 
100 
100 
100 
i 
l 
1 
i 
1 
i 
zJ 
56,000 75 25 5 5 100 oO dO 75 150 
H - =j 56,000 75 25 5 5 0 0 0 0 50 
nu 
200 units of P^, 100 units of Pg and I4ÛO unit.s of Py Activity P^ is not 
used. Only one real restriction, P^, is exhausted. 
The approximate solution may be brought to a greater degree of pre­
cision by more precise approximation of the net revenue functions. How­
ever, we prefer to speed up a bit with an attempt for the exact solution. 
On the basis of the approximate solution, which snows as which activities 
are in the plan and whicn restrictions are exhausted, we form the follow­
ing Lagrangean expression: 
(12.23 ) F = x-^ (120 + 75%^ ~ Mxj_+ Xg + x^ - 700) 
Differentiating 12.20 successively wita respect to tne unknowns and 
equating to aero we get; 
= 120 - — x, — X e 0 
à*! 5 1 
(12.21) 
^ = 
90 
- 15 *2 - * - 0 
2)F _ 
b x 
= 75 - A = 0 
•3 
0 F =-x, - x9 - x + 700 = 0 
TTÂ" * 3 
From 12.21 we derive: X]_ - 225; Xg " x^ = 325] and A • 75# 
The second derivatives with respect to x-^ and Xg are negative; hence 
the solutions indicate maxima. Also, since only one solution exists, it 
indicates the over-all maximum. X is the imputed value of one unit of 
the P^ resource. The imputed value of P^ is zero. 
Finally we perform the checks indicated in 12.12 and 12.15. For 
12.12 we get numerically: 
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(12.22) 3 x 225 + U x 150 + 2 x 325 » 1925 < 2500 
or: Input of the P^ resource is less than tne supply of this resource. 
For 12.15 we have numerically : 
(12.23) 0 x 1 + 75 x 2 = 150 > 100 
or: The imputed cost of activity is less than the net revenue of 
activity P^. Since the relations 12.12 and 12.15 hold, the exact solution 
is accepted. 
The Nature and Modifications of the Assomptions 
An initial assumption was made with respect to the marginal net rev­
enue function, namely, that it was a continuously decreasing function of 
the quantity produced. As is well known, a marginal (gross) revenue func­
tion corresponding to a continuously decreasing demand function is itself 
a continuously decreasing function of the quantity produced. It may be 
shown that under conditions of constant ana rising marginal costs the 
marginal net revenue function, derived as a difference between the gross 
marginal revenue and marginal cost, is itself a continuously decreasing 
function. The same will be true for the case of failing marginal costs, 
if the slope of the marginal cost function is less than tne slope of the 
gross revenue function. Only if the slope of the marginal cost function 
is greater than that of the gross revenue function will tne slope of the 
marginal net revenue function be positive. The last situation cannot be 
handled with our approach. (It should be noted that constant marginal 
costs are consistent with constant input coefficients, unless pecuniary 
economies or diseconomies of scale exist.) The assumption of continuity 
of the marginal net revenue function requires continuity in the demand 
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function, i.e., kinked demand functions are exempted, unless the approach 
is modified. 
The assumption of constant input coefficients previously made now may­
be replaced with a less restrictive condition. The necessary and suffi­
cient condition for success of the suggested approach is that for sub-
activities of the same monopolized product, the subactivities with higher 
marginal net revenue will dominâte the subactivities with lower marginal 
net revenue. This condition will be met in situations of decreasing 
productivity, and to some extent in situations of increasing productiv­
ity, as far as increasing resource productivity is more than offset by 
the decreasing marginal revenue. It is only necessary, in tne case of 
varying input coefficients, that they be stated in the marginal manner. 
For any subactivity referring to a given production level, we must specify 
the additional inputs required to produce tne additional product. 
Further study is needed to overcome tne restrictions imposed by the 
assumption of separable objective function. Alternatively, it may be use­
ful to evaluate empirically the implications arising from this assumption. 
Some empirically derived demand functions have been statistically explain­
ed, without including variables for related commodities in the function.^ 
However, a minority of cases may be so represented. For practical pur­
poses, it would be important to evaluate the biases involved in neglect­
ing the related commodities or cross elasticities in the demand function. 
^For example, in Fox, K. A. (15). The analysis of demand for fara 
products. U. S. Dept. Agr. Tech. Bui. 1081. 1953» Demand for pork, 
page U3j for eggs, page i>2; for apples, peaches, cranberries, potatoes, 
sweet potatoes, onions, oranges, grapefruit and lemons, page 65. 
177 
On the basis of such information it will be possible to decide, in each 
concrete case, on the practical justification of the assumption of a sep­
arable objective function for the various products. For other variables 
included in the demand function (such as income, population, etc.), 
relevant values may be "plugged into" the demand functions with these 
variables considered to be exogenous. 
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SUMMARY AND CONCLUSIONS 
This study was designed to provide information on the feasibility of 
the plan to develop field crop family faims in Israel as a substitute for 
the conventional mixed dairy farming. The first part of the study, based 
on a 1957 sample survey of newly established farms in Worth Western iuegev, 
has shown that with respect to income and resource productivity, no sig­
nificant differences existed between the two types. This result may be 
due, however, to the low level of development of the farms and the low 
level of managerial ability of the farmers. In the second, and the norma­
tive part of the study optimal plans have been worked out for the two 
types of farms, at their final stage of development and under assumption 
of a normal level of management. The main features of tne two types of 
planned farms, under the 19^7 price structure are summarized in Table 36. 
As shown in Table 36, the two types of farms are allotted to tne same 
land area. However, the amount of capital and labor resources is much 
higher on the dairy farm. The difference in capital investment between 
the two types is due to the capital invested in dairy production (23,000 
I.L.) in the dairy farm. For reasons which the author was not able to 
clarify the quantity of irrigation water allotted to the dairy farm is 
higher by 900 cubic meters than that allotted to the field crop farm. 
If the water allottment to the field crop farm is raised to the level of 
the dairy farm, the income of the field crop farm will rise by 112 I.L. 
above the level indicated in Table 36. 
The production on the dairy farm is more intensive with respect to 
use of labor and capital per unit of land as illustrated by the resource 
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Table 36. Dairy and field crop farms at their full development8. 
Dairy Field crop 
Resources 
Cultivable land, dunam 
Water, cubic meters per year 
Capital invested, I.L. 
Labor, 10-hour days per year 
Resource ratios 
Capital per dunam of land, I.L. 
Labor per dunam of land, days 
Net net income, I.L. 
aUnder 1957 price structure. 
ratios in Table 36. This is probably the reason why the net net income of 
the dairy farm is estimated at It, 113 I.L. as compared witn 1,913 ">n the 
field crop farm, assuming the 1957 price structure. The I|,133 I.L. in­
come figure of the dairy farm includes approximately 1,000 I.L. of in­
terest on the owned capital invested in dairy production. It may be 
argued that an operator of a field crop farm, may attain an additional 
income of 1,000 I.L. in interest if he owns an amount of capital compar­
able to that of a fully developed dairy farm. In this case the divergency 
of incomes between the two types would diminish by approximately 1,000 
I.L. However, the opportunities for capital accumulation on a field crop 
36 
20,1*00 
32,660 
51*0 
o65 
114.2 
1,113 
38 
19,500 
12,050 
37b 
317 
9.8 
1,913 
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farm with restrictions imposed on its livestock enterprises are signifi­
cantly fewer and less attractive in the economic sense than the accumula­
tion of capital in dairy livestock. To overcome this disadvantage of the 
field crop farm, measures may be taken by the authorities to develop sav­
ing and investment opportunities for the field crop farmers. establishing 
of regional food processing industries, cotton gins and sugar factories, 
wherein the farmers will be able to invest their savings in shares or 
stocks, seems to create an attractive outlet for saving and capital accu­
mulation. In the future those enterprises may oecome cooperatively owned 
by the farmers. Ownership of agricultural processing industries will 
probably encourage the farmers to produce the industrial crops, whereby 
the generally higher profits in industry will compensate the farmers for 
the lower profits from industrial crops. The success of the existing 
processing industries in some of the collective settlements ("kibbutzim") 
suggests the establishment of such industries with the prospect of coopera­
tive ownership by operators of family farms too. On tne whole, if indus­
trial crops are to be expanded in Israel, it seems preferable tnat the 
adjoining processing industry will be cooperatively owned by the farmers. 
The poultry enterprise has not been included in the plans derived. 
On the one hand, opportunities for further expansion of poultry for the 
home markets are limited. On the other hand, poultry (unless highly 
expanded) may be regarded as an independent enterprise on the farm and 
its introduction into the farms does not imply a change in the structure 
of other enterprises. If opportunities for expansion of poultry will be 
opened - and this may be due mainly to export opportunities - addition of 
the poultry enterprise to the farms will contribute towards raising the 
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income. 
In the planning of the two types of farms irrigation water was the 
only restricting resource. The marginal productivity of'water is esti­
mated at 0.262 I.L. per cubic meter on the aairy farm, ana 0.12> I.jj. per 
cubic meter on the field crop farm. These are only approximations due to 
the fact that fixed irrigation norms were used in formulation of the input 
output coefficients; the reasons for this were explained. 
Lack of capital may prevent tne expansion of dairy. However, lack 
of capital is closely related to low income. The 19>7 survey results and 
past experience in the country suggest that, unless prevented by real 
poverty, the farmers will tend to save and accumulate the capital neces­
sary for e mansion of dairy. 
The optimal plans derived arc subject to some uncertainties with 
respect to the planning data a.id the assumptions made. The assumptions 
which in particular req.iire further study for their refinement are con­
cerned with the exact allotment of vegetable area oo the farms and esti­
mates of the credit conditions and debt payments which the farms may 
anticipate in the future, zach one of these two subjects requires a full 
study on its own. However, as has been explained, a change in credit con­
ditions will affect the incomes of the two types of farms by approximately 
the same amount. On the other hand, an increased area allotment to the 
farms for intensive vegetable growing (which will replace the low income 
activities) will tend to improve the relative position of the field crop 
farm. 
The comparison of the incomes of the two types of farms suggests that 
under the price structure of 1957 or one similar to that, the fanners of 
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the new field crop farms will shift into dairy production. In this case 
a surplus of milk will be created with a subsequent price crisis in the 
dairy industry. Several policy measures, which may prevent expansion of 
dairy production and encourage expansion of field crops, have been iden­
tified and estimated quantitatively. 
One way is to subsidize the prices of field crops up to tne level 
where they may compete with dairy, quantitative estimates have shown that 
this implies a rise in the price of cotton by i|8 percent as compared with 
the 1957 price, and/or a rise in the price of peanuts by 87 percent along 
with less drastic changes in the prices of industrial tomatoes and sugar 
beets. Namely, heavy subsidies are required to attain this situation. On 
the other hand, the profitability of dairy may be permitted to drop by a 
natural supply demand adjustment down to the level of a profitability 
relatively equal to that of the field crops. Such a situation involves a 
low income on the new dairy and field crop farms, and also a considerable 
reduction in the income of the old dairy farms. It is questionable whether 
or not a sound agricultural policy may permit a significant drop in the 
present income of the old farms; and, unless this happens field crops 
must be heavily subsidized in order to be able to compete with aairy on 
family farms. 
Another possibility is to allow a drop in the profitability of dairy 
down to the present level of profitability of field crops and to compen­
sate the farmers by increasing the scale of their faims. It has been 
shown that a field crop fara with a scale increased by 1,25 will attain 
an income of 2,730 I.L., and if increased by 1,50 will attain an income 
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of 3,ltOO I.L., at 1957 prices. Obviously, high incomes will follow an 
increase in scale with a simultaneous rise in prices of field crops. 
However, increase in the scale of the faras implies a considerable 
reorganization of the whole structure of Israeli agriculture to adapt it 
to produce comparatively non-inbensive products. A relevant considera­
tion in this context is the question of what the structure of Israeli 
agriculture in the long run should be? In other words, the envisaged 
overproduction in dairy and other input intensive products should be con­
sidered as a temporary or a long run phenomenon? Any attempt to answer 
this question involves projections on the future population of Israel and 
the future demand for farm products. If the non-farm population will grow 
considerably more than farm population - and this is a likely development -
an upward shift in the demand for farm products will be in effect. If the 
rise in demand will be large enough, the problem of overproduction will 
disappear. Thus, any suggestion to increase the scale of the farms should 
take into consideration the long run view of the Israeli agriculture and 
the development of the country as a whole. 
Changing the scale of tne farms in Israel at present implies prac­
tically a country-wide land reform, and this may not be justified unless 
based on long run considerations. There are rather good reasons to ex­
pect the overproduction problems to be temporary if the long run point of 
view is taken. However, any attempt to specify "long run" and "temporari-
ness" in terms of number of years is subject to great uncertainty with 
respect to the future population of Israel. 
Finally there is a possibility of keeping the profitability of dairy 
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on its present level, to control the extent of physical production of the 
dairy industry and to compensate only the farmers on the newly established 
field crop farms, by increasing the scale of only their farms. This 
implies, however, the maintaining of administrative measures to prevent 
introduction of the mora profitable dairy enterprise to the increased 
field crop farms. The difficulties involved in production controls are 
well known from countries which attempted them on a large scale and need 
not be explored here. In view of the administrative difficulties the 
feasibility of maintaining such au artificial dual system in agriculture 
may be questionable. 
The quantitative estimates of the relative prices and incomes 
corresponding to the above possibilities refer to newly established 
family farms in North Western Begev only. For more complete quantitative 
estimates on a country-wide basis similar studies should be repeated for 
other regions. It should be noted also that the estimates derived are 
subject to some margin of error which arises from the imperfection of the 
model of the theory of the firm in application to analysis of a farm, and 
other imperfections which arise from lack of full knowledge of some of 
the relevant data. Nevertheless, the quantitative estimates derived in 
this study, provide a valuable insight into the magnitude of the relevant 
quantities involved in the comparison of dairy versus field crop farming. 
Several possible ways of maintaining equilibrium between field crop 
and daily farms have been outlined above. None of these ways seems to be 
easily acceptable. Obviously, any policy decision on this matter draws 
on some value judgment with respect to the appropriate income of the 
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farmse If the income of the established daily farms will be not allowed 
to fall significantly, development of farms without dairy is a necessary 
policy in the near future to prevent the envisaged surpluses of milk. 
However, the field crop farm may be hardly considered as an appropriate 
substitute for the dairy farm. Consequently, other alternatives should be 
sought with the goal of expansion of non-dairy, labor and/or capital in­
tensive farm industries, like tne raising of vegetables, fruits, poultry 
and beef cattle. Expansion of tne first three farm industries depends 
mainly on exports; an intensive study of tne potential export markets for 
fruits, vegetables and poultry is needed. The opportunities of expand­
ing exports of these products should be thoroughly learned and practically 
exploited, as possibly better substitutes for dairy than the less inten­
sive field crop products. Also an accelerated technological research of 
the beef cattle industry is required as a basis for evaluating its eco­
nomic opportunities on family farms. Only after all other alternatives 
have been thoroughly studied can a meaningful policy decision on the 
future of the field crop farm be made. 
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Table 37» Conversion factors of Israeli and U. S. units of measure 
Israeli unit Abbreviation U. S. equivalent 
Dunam d. 0.25, acre 
Kilogram kg. 2.20 pounds 
Ton t. 2,20^.62 pounds 
Liter 1. 1.06 quarts 
Cubic meter c.m. 261».17 gallons 
Israeli lirah I.L. 0.55 dollar 
I .ii./d. 2 ,2k  dollars per acre 
I.L./kc;. 0.225 dollars per pound 
I.L./t. 0.225 x 10"^ dollars per 
I.L./l. 0.52b dollars per quart 
I .D »/c .m. 2.120 x 10**^ dollars per 
Feed unit 
(Hanson's) 
f.j. 1.65 lb. TDIn in corn for 
fattening cattle 
or 2.2 lb. TDK in better hays for 
fattening cattle 
3.3 lb. TDM in poor roughage for 
fattening cattle 
2.1 lb. TDN in corn for 
milk.production 
2.6 lb. TDfo in better nays for 
milk production 
it.2 lb. TDIM in poor roughage for 
milk production 
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Table 38. Some data on established family farms in Israel (1956)a 
Type of farm 
Whole i-iixea Poultry- Dairy- Poultry-
sample farms dairy poultry vegetables 
Number of farms in the sample 70 10 25 26 ) 
Resources 
Land; Irrigated, d. 25.5 31.0 25.U 26.0 19.5 
u'nirrigated, a. 23.5 U.5 23.0 12.5 1.0 
Total lanci, d. U.o 310 7.J.0 3u.5 20.j; 
Capital invested, 
1,000 I.u. 26.2 i;.b 32.7 25.5 17.5 
Labor, 10-nour days 563 71L Sk3 366 
Land utilization 
drain, percent 1; — —  2u 11 9 
Forage crops, percent 60 7û 6lt 7u 2k 
Orchards, percent 6 5 h y 1U 
Vegetables, percent 7 1/ k 3 57 
Livestock 
Dairy cows, number 1|.7 5.3 J4.7 6.0 — — 
Laying hens, number 372 162 505 25^ 557 
Output by source 
Field crops and 
vegetables, percent 6 13 6 h 12 
Orchards, percent 2 k 1 1 0 
Dairy, percent 39 57 3k 55 0 
Poultry, percent 52 26 >) Uo ti3 
Income 
Gross output, 1,000 I.L. 20.3 15.4 26.2 17.6 17.6 
Met net income, 
1,000 I.L. 6.6 6.b o.O 6.0 U.9 
^Source: The Hebrew University of -Jerusalem (25). 
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Tabla 39. Normative labor inputs in major farm activities, Norm Ac 
Field crops and vegetables 
Grain, irrigated 
Grain, unirri^ated 
Hay 
Forage corn,--oats, peas 
Alfalfa 
10-hour days par dunam 
3 
1 
1 
3 
h 
Clover 
forage beets 
Cotton 
Peanut s 
Su^ar beets 
6 
11 
13 
10 
Tomatoes, cac.imoers 
Onions, carrots 
Potatoes 
Melons 
h0 
15 
10 
c 
ûrcnards ana vineyards 
Citrus, banana 
Apples, olives 
Prunes, peacnes 
Livestock and poultry 
ry cow? 
Calves and heifers 
Laying hens 
Sro ile rs and fryers 
15 
20 
25 
10-hour aays per unit 
27 
6 
0.3 
o.os 
aSource: The Hebrew university of Jerusalem (25). 
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Table iiO. Analysis of variance of the net income of the dairy and field 
crop farms 
Source 
Sum of 
squares 
Degrees of 
freedom . 
Mean 
square F 
Types 3,dl7,uciS 1 3,ol7,bo5 
0.5U* 
Villages in types 2Ù,181,726 il 7,ûl46,ldl 
Farms in villages 
in types 70,752,5U1 h? ±,kh3j9hJ 1). 
Total 102, 755,112 5U 
- Non-significant. 
- Significant at, 1 percent prooability level. 
Table I4I. Input output coefficients of forage crops per dunam 
Crop: 
Planted in: 
Harvested in: 
Month 
Clover 
October 
November-May 
Land, Water, Labor,3 Feed 
d. c.m. hours units 
Forage beets 
October 
Hay 
Land, Water, Labor, Feed 
a. c.m. hours units 
Forage beets 
October 
June-July 
Land, Water, Labor, Feed 
d. c.m. hours units 
10 1 mo 9 1 loo 16 1 100 18 
11 1 100 2 60 1 70 2 1 70 2 
12 1 25 1 93 1 6 1 25 ti 
1 1 25 50 1 25 12 1 25 12 
2 1 25 ?6 1 25 7 1 2b 7 
3 1 100 2 152 1 100 2 1 1 100 2 
h 1 100 2 19b 1 120 2 1 120 2 
5 1 70 1 95 1 50 1 1020 1 II4O 2 
6 1 50 1 765 
7 
y 
1 76 5 
9 1 litO 
_ 
_1 loO 6 _L _6 
Total 9b 725 17 7ii9 9 615 5ti 1020 11 7b5 60 1530 
Cash expenses, 
I.L.C 78.055 79.bub 90.125 
^Harvest labor is not included. It is accounted for in dairy labor requirements. 
^Total dunam-months requirement. 
^Details on cash expenses may be found in Yaron (58, pp. XXXILI-vuJiVXll). 
Table l;!. (Continued) 
Crops 
Planted in: 
Harvest ed in : 
Month 
Forage beets 
February 
August-September 
Land, "Water, Labor, Feed 
d. c.m. hours units 
10 
11 
12 
1 
2 1 50 22 
3 1 100 15 
h 1 120 9 
5 1 iko 8 
6 1 Uo 2 
7 1 120 2 
0 1 60 1 612 
9 _1 30 _1 612 
Total 8 760 60 122U 
Cash expenses, 
I.L. 90.400 
/ 
Wintersome Wintersome 
•July 
October 
..and, water, ^abor, Feed 
a. c.m. no ^rs unite 
•July 
November 
-uand, Jater, j^abor, Feed 
a. c.m. hours units 
50 bull l 
l 
00 
30 
2 
1 73d 
1 o 0 6 1 do 6 
1 120 h 1 Lku h 
1 160 h 1 160 k 
_1 160 _2 _1 160 _2 
5 5Y0 1/ bOli 6 630 19 73d 
H NO 
Co 
70.O70 7U.170 
Table I4I• (Continued) 
Crop: Wintersorne 
Planted in: July-
Harvested in: December 
Land, dater, .uabor, Feed i»and, 
Month d. c.m. hoars units d. 
10 1 bO 2 
11 1 So 1 
12 1 1000 
1 
2 
3 
h 1 
5 1 
6 1 b0 6 1 
7 1 120 k 
ti 1 160 h 
9 _1 160 _2 
Total 7 650 1? 1000 3 
Cash expenses, 
I.L. 7b. 270 
dDense stand. 
Corn* 
April 
Jane 
Water, ^aoor, reed 
c.m. ho ira uniùs 
Corn 
April 
July 
and, ri'ater, .uaoor, reed 
ci. c.m. noors units 
60 7 . 1 60 7 
160 3 1 160 it 
160 2 356 1 160 3 
1 l U56 
3b0 12 356 h 3c0 15 1*56 
63.220 bj.220 
Table Ail. (Continued) 
Crop s Corn 
Planted in: hay 
Harvssted in: August 
Land, Water, i«abor, Feed 
Mont 11 d. c.ni. hours units 
10 
11 
12 
1 
2 
3 
k 
5 1 80 7 
6 1 160 h 
7 1 160 3 
8 1 1 I4 56 
9 __ _ 
Total li LOO 15 li56 
Cash expenses, 
I.L. 6U.320 
i 
Corn Corn 
June July 
SepLeniber October 
Land, Water, Labor, reed Land, Water, .uabor, reed 
d. c.m. hours units d. c.m. hours units 
l 1 399 
1 do 7 
1 160 h 1 00 7 
1 160 3 1 160 h 
1 1 It 56 l 160 
_3 
li 1*00 15 1*56 h uoo 15 399 
oil. 320 61), 320 
1 
Table 1*1. ( Corrfc inued ) 
Crop: Corn Cornd Alfalfa6 
Planted in: August September I-iarch 
Harvested in: November November March-December 
Land, Water, Labor, Fe ed .band, Water, uabor, Feed .band, v/ater, .uabor, Feed 
Month d. c.m. hours units d. c.m. hoars unit s C • G • iïl # hours unit: 
10 1 lho 3 1 11*0 2 105 1*.0 67 
11 1 1 32*2 1 60 1 2h9 53 .0 1*7 
12 19 .1* 1*1 
1 19 
2 19 3.0 
3 100 Z.5 76 
h U40 2.0 115 
5 135 1.0 115 
6 130 1.5 101 
7 135 1.5 91 
£1 1 60 7 U5 2.2 til 
9 _1 160 
_h 11*0 _d 113 2.3 71* 
Total h 3do 15 31(2 3 3U0 11 21*; 10.2 1111 22.0 610 
Cash e:xpenses, 
I.L. 63.220 61.020 105.1*1*0 
6Planted in March, ploughed down in i-îay of the fourth year. All data refer to the average 
of four years. 
Table 1*1. (Continued) 
Crop: 
Planted in: 
Harvested in: 
Month , 
Oats 
September 
Jecember 
Land, Water, .uabor, Feed 
d. c.m, hours units 
Oats 
October 
January 
jjand, water, uabor, Feed 
d. c.m. hours units 
Oats 
November 
hare h 
.uana, water, 
d. c.m. 
.uabor, 
hours 
Feed 
units 
10 1 120 2 1 do 5 
11 1 60 1 1 bo l 1 50 5 
12 1 lltO 1 25 1 1 25 1 
1 1 213 1 25 
2 1 25 l 
3 1 25 255 
li 
5 
6 
7 
8 
9 1 30 5 
Total li 260 8 lliO li 165 7 213 5 150 7 255 
Cash expenses, 
I.L. ii0.770 36.6I45 Jli.720 
Table 1*1. (Continued) 
Crop: Oats Peas Peas 
I Planted in: December October November 
Harvested in: April January February 
Land, Water, Labor, Feed Land, water, Labor, Feed Land, Water, Labor, Feed 
Month d. c.m. hours units a. c.m. hours units d. c.m. hours units 
10 
11 
12 1 25 5 
1 1 25 1 
2 1 25 
3 1 100 2 
1 50 1 
5 
6 
7 
8 
9 
1 60 5 
1 80 l 1 50 5 
1 25 1 25 
1 216 1 25 l 
255 
261 
Total 5 255 9 255 U 165 6 216 b 100 6 261 
Cash expenses, 
I.L. 38.6U5 36.055 31.360 
Table 1*1. (Continued) 
Crop: 
Planted in: 
Harvested in: 
Lai 
Month d 
Peas 
November 
March 
, Water, Labor, Feed 
c.m. hours units 
10 
11 1 5o 5 
12 1 25 1 
1 1 25 
2 1 25 1 
3 1 25 261 
k 
5 
6 
7 
8 
9 __ __ 
Total 5 150 7 261 
Cash expenses, 
I.L. 3k.130 
CO 
g 
. 20$ 
. : '• ' 
Table h2* The first simplex table of Plan C for the least cost forage crops mix 
Crop: Clover Beets Bee 
K H K M H M_, H M 0 0 0 10.1*21 7.795 5*69' 
Month Pj F0 P26 P27 P23. P29 P30 P31 P32 P33 P3h P35 P36 P1 P2 P3 
M 10 p26 207 1 
M 11 p27 220 1 8.01 
K 12 p28 221; 1 12.12 
K 1-2 P29 500 1 20J6 
M 3-U P30 375 l 16.33 
M 5 P31 176 1 12.68 100 
M 6-7 p32 376 1 100 
M 8-9 P33 loo 1 
0 P3L 125 1 100 
0 P35 250 1 100 
0 p36 250 1 
2,ii77M 0 0 0 0 0 0 0 0 0 0 0 100M 10QK 100K 
zr >cd -10.1*21 -7.795 -5.890 
aP0 - monthly requirements preassuming supply of $.23 activity units of alfalf 
P^-P,2 - real activities; 
P%^-*2o ~ surplus activities; 
P26"P33 ~ disposal activities; 
P3U"P36 ~ maximum restrictions on forage beets. 
st cost forage crops mix 
Crop: Clover Beets Beets Beets Corn Corn Corn Corn Alfalfa Cats Peas Oat 
pea; 
0 0 10.1*21 7.795 5.890 7.386 15.571 Ik.105 16.120 15.1*85 13.017 29.121 ll;.07S U.li 
P35P36 ^ ?2 p^ P^ Pg p^ P? Po \o Pll Pi: 
100 6.27 
8.01 100 5.80 
12.1*2 5.06 100 
20.56 100 
16.33 23-3 100 
12.68 100 11.20 
100 100 23.70 
100 100 l;>.ll* 
100 
100 
100 
0 0 ' 100M 10QK 100M 100M 100M 100K 10CK 103K 10QK 10%: 10 Q: 100M 
-10.1*21 -7.795-5.890-7.386 -15.571-114.105 4.6.120 -lti.l*:55 -13-017 -29.121 -11;.073 -11;.11;: 
3 activity units of alfalfe; 
n Corn Alfalfa Cats Peas Oats-
peas 
20 18.1*85 13.017 29.121 H.075 1L.1Ù2 00000000 
?8 p? p10 P11 P12 P13 Pll* P15 P1D P17 P1B P19P20 
6.27 -1 
100 5.80 -1 
5.06 100 -1 
100 -1 
23-3 100 , -1 
11.20 ' -1 
23.70 -1 
i;Mi* -1 
100K 10QK 10%; 10a* IOOH -M -li -K -M -K -M -M -M 
0 -iy .l;>$ -13.017 -29.121 -lii.073 -11*.11*2 
Table U3» Input oatpat coefficients of field crops and vegetables per donam 
Crop: Peanuts Cotton Sugar beets 
Land, Water, Labor, L.and, Water, Juabor, Land, if/at er, Labor, 
Month d. c.m. hours d. c.m. hoars c. c.m. hours 
10 1 16.0 1 30.0 1 90 6.0 
11 1 10.0 1 10.0 1 80 16.0 
12 1 1 25 17.0 
1 1 25 12.0 
2 1 1 25 8.0 
3 1 U.O 1 ho ll.o 1 70 3.0 
h 1 70 18.0 1 100 11.0 1 120 3.0 
5 1 90 19.0 1 50 15.0 1 130 17.0 
6 1 150 lij.O 1 150 9.0 1 30 22.0 
7 1 180 3.0 j_ lbO 3.0 1 10.0 
8 1 i so 3.0 1 loO U.O 1 1.0 
9 _1 
_ AP b.O 1 100 28.0 _1 60 5.o 
Total 9 700 95.0 11 ù'30 118.0 12 65b 120.0 
Yield, Price, Yield, Price, 
Total, 
Yield, Price, 
kg. per I.L. Total, kg. per 1 «1J • kg. ps: r 1 .lj. * Total, 
donam per ton 
-L m uunam per ton 1 .4-1 * dunam per.ton X .ia« 
Gross income 300 500.000 150.000 270 850.000 22^.500 5,000 17.000 235.000 
Cash expenses3. 96.295 129.750 85.U65 
Net income 53.705 99.750 11,9.135 
aDetails on cash expenses may 'ûg found in Yaron ( >5d, pp. XLVI±-X -J :^l). 
Table U3. (Continued) 
Crop: vorn 
Month 
10 
11 
12 
1 
2 
3 
Gross income 
Cash expenses 
Net income 
Land, 
d. 
Wat er, 
c.m. 
h$o 210.000 
.Labor, 
hoars 
h 1 120 3.0 
5 1 70 7.0 
6 1 180 2.5 
7 1 170 2.5 
5 1 9.0 
9 _1 8.0 
Total 6 
Yield, 
Sko 
Price, 
32.0 
kg. per I.L. Total 
donam per ton T . -L ei-l • 
96.500 
70.3U0 
21.160 
Sorghum A Sorghum B 
Lan a, .•jacer, 
c.m. 
Laoor, 
hoars 
1 
1 
1 2.0 
1 dO 7.0 
I dO 0.0 
1 do 3.0 
I 3.0 
1 10.0 
9 2L0 
rield, .-rice, 
g. per I.jj. 
danari ner ton 
350 210.000 
33.0 
Total, 
X • ij • 
73.500 
U0.030 
33.1)62 
Land, Water, Labor, 
a. c.m. nours 
1 2.0 
1 120 ( . 0  
1 120 o.O 
1 100 3.0 
10.0 
5 3)40 30.0 
Yield, Price, 
kg. par I.L. 
donam pear, ton 
350 23.0.000 
Total, 
I.L. 
73.500 
as.530 
27.962 
-Table U3» (Continued) 
Crop: Hay 
Land, Water, Labor 
Month d. c.m. hoars 
10 1 2.0 
11 1 25 5.0 
12 1 25 2.0 
1 1 25 2.0 
2 1 25 2.0 
3 1 
h 1 6.0 
5 
6 
7 
<j 
9 
Total 
Gross income 
Cash expenses 
Net income 
7 100 
Yield, Price, 
kg. per I.L. 
dunam per ton 
Loo 80.000 
21.0 
Total, 
I .L. 
32.000 
29.365 
2.635 
Wheat Fall tomatoes 
Lana, Water, Labor, Land, vfaber, Labor, 
cl. c.m. hours d. c.m. hours 
1 2.0 1 130 2lt.O 
1 50 2.0 1 90 60.0 
1 1 50 61;.0 
1. 25 1.5 1 32.0 1 25 1.5 
1 %5 1.5 
1 
1 
1 2.0 
1 3.5 1 12.0 
1 120 2U.0 
1 120 36.0 
10 125 11.0 7 510 272.0 
Yield, Price, Yield, Price, 
kg. per I.L. Total, kg. per I .L. Total, 
dunam par ton  I ..u. dunam per ton I.L. 
200 210.000 1,2.000 3, 500 170.000 595.000 
36.690 174.170 
5.310 1:20.630 
ro 
o 
GO 
Table U3. (Continued) 
Crop: Industrial tomatoes 
Land, Water, Labor. 
Month Q. c.m. hours 
10 
11 
12 
1 
2 
3 1 U.O 
U 1 100 12.0 
5 1 120 20.0 
6 1 1U0 20.0 
7 1 160 2U.0 
8 1 160 80.0 
9 _1 120 70.0 
Total 7 800 230.0 
Yield, Price, 
kg. per I.L. Total, 
dunam per ton . I.L. 
Gross income 3,000 100.000 300.000 
Cash expenses 12b.620 
Net income 173.360 
Spring potatoes Fall potatoes 
Land, Water, Labor, Land, Wat er, Labor, 
d. c.m. hoars d. C » Ifi • hours 
1 130 12.0 
1 70 20.0 
1 - 2U.0 
1 U.O 1 8.0 
1 140 2U.0 
1 80 12.0 
1 1U0 8.0 
1 170 16.0 
1 60 32.0 
1 8.0 
1 70 12.0 
_1 130 16.0 
7 U90 lou.o 6 Uoo 92.0 
Yield, Price, Yield, Price, 
kg. per I.L. Total, kg. per I «L • Total, 
donam p-jr ton I.L. dunam per ton I.L. 
2,000 120.000 2UO.OOO 1,500 1UO.OOO 2ÎO.OOO 
137.710 1U2.720 
102.290 67.280 
Table 43. (Continued) 
Crop: Onion A (Spanish) 
Month 
10 
5 
6 
7 
6 
9 
Total 
Gross income 
Cash expenses 
Land, Water, Labor, 
d. c.m. nours 
11 1 70 32.0 
12 1 50 2b .0 
1 1 25 0.0 
2 1 50 12.0 
3 1 100 16.0 
4 1 do 32.0 
6 . 375 
Yield, Price, 
kg. per I.L. 
dunam per ton 
128.0 
Total, 
I.L. 
2,500 120.000 300.000 
137.965 
Net income 162.035 
Onion 3 (Riverside) Early cauliflower 
Land, Water, Labor, Land, Water, Labor, 
d. c.m. hours a. c • IU • hours 
1 150 8.0 
1 100 12.0 
I 20.0 
1 50 12.0 
1 90 25.0 
1 140 13.0 
1 li)0 U.o 
1 90 U.o 
1 32.0 1 16.0 
1 90 16.0 
_1 150 28.0 
6 510 90.0 6 U90 100.0 
Yield, Price, Yield, rrice, 
kg. per I.L. Total, kg. per I.L. Total, 
dunam per ton I .Jj. canam per.ton I.L. 
2,500 90.000 225.000 1,500 120.000 IdO.OOO 
6U.790 90.540 
160.210 09.460 
Table 43• (Cont inued) 
Crop: Broccoli Fall carrots A Fall carrots B 
Land, Wat er, Labor, Land, Water, uabor, Land, Water, Labor, 
Month d. c.m. hours d. c .m. hours d. c.m. hoars 
10 1 90 16.0 1 120 16.0 1 70 2.0 
11 1 120 2o.O 1 90 9.0 1 80 23.0 
12 1 40 ti.O 1 25 61.0 1 25 4o.o 
1 1 40 u.O 1 60.0 , 1 ^5 20.0 
2 1 40 16.0 1 1 60 10.0 
3 1 60 u.O 1 100 100.0 
4 
5 / 
1 30.0 
6 
7 1 2.0 
8 1 90 23.0 
9 JL 16.0 J. 120 35.0 _ 
Total 7 390 100.0 7 445 206.0 7 360 225.0 
Yield, Price, Yiela, * lu. Yielu, Price, 
kg. per 1 «L. Total, kg. per -L e JU • Total kj. per l.ii. Total, 
dunam pyr ton I.L. dunam per ton I.L. aunam per ton I.L. 
Gross income 1,500 110.000 165.000 2,500 120.000 300.000 3,000 95.000 2o5.000 
Cash expenses 75.960 84.165 79.510 
Net income 89.040 215.til? 205.490 
Table Uh* Land, water and labor requirements per cow activity unit3 
Cow activity 3j_ Cow activity ti2 Cow activity C^ 
Land, Water, Labor, L.and, Water, Lao or, Land, water, Labor, 
Month d. c.m. hours d. c.m. hours d. c.m. hours 
10 2.601 241.276 48.116 3.661 339.576 57.367 2.6^2 200.545 49.517 
11 2.941 183.297 39.114 4.139 257.973 45.542 2.792 180.148 39.789 
12 2.962 62.694 35.9u4 4.169 88.236 40.292 2.470 56.813 36.288 
1 2.730 49.528 36.287 3.842 60.705 40.719 2.383 45.572 36.542 
2 1.718 41.012 40.931: 2.417 57.721 47.2^4 2.07O 39.362 39.735 
3 1.718 171.755 39.702 2.417 241.730 45.638 1.540 153.971 39.193 
4 1.718 221.821 3b.45o 2.un 312.192 43.763 1.760 195.457 39.636 
5 1.755' 201.159 37.850 2.470 283.113 42.918 1.0 77 199.438 38.640 
6 1.472 172.199 37.471 2.071 242.354 42.385 1.261 156.039 37.469 
7 1.762 202.811* jo.olb 2.480 285.442 44.2o0 1.533 156.692 3o.846 
8 1.646 219.827 38.336 2.317 309.386 43.603 1.615 187.984 39.697 
9 2.257 274.274 38.432 3.176 386.016 43.730 2.434 304.914 38.886 
Total 2,041.656 470.170 2,873.444 537.49? 1,936.935 474.238 
aIncluding requirements of the corresponding forage crops. 
I 
Table 44. (Continued) 
Month 
Land, 
d. 
Cow activity C£ 
Water, 
c «m* 
.Labor, 
hours 
Cow activity Fj 
Juand, 
d. 
Water, 
C.M. 
.uabor, 
hours 
Land, 
d. 
Cow activity Fg 
Water, 
c.m. 
Labor, 
hours 
10 3.690 366.693 59.339 2.4o9 231.4D7 47.523 3.503 325.726 56.533 
11 3.929 253.541 45.640 3.061 174.912 41.311 4.300 246.172 47.790 
12 3.1*76 79.957 40.720 2.929 67.357 37.744 4.122 94.799 42.769 
1 3.353 61).' 39 41.070 2.804 53.249 37.372 3.947 74.944 42.246 
2 2.92b 55. # 45.571 2.385 48.608 40.252 3.357 61.374 46.300 
3 2.167 216.700 1*4.809 1.710 151.140 39.005 2.1*06 212.716 44.543 
4 2.477 275.0:0 45.432 1.666 170.01*4 39.189 2.344 21*4.669 44.003 
5 2.642 250.690 44.030 1.525 174.000 30.290 2.11*6 21*4.900 43.530 
6 1.775 219.610 42.382 1.299 159.030 37.696 1.030 223.090 42.699 
7 2.157 220.530 1*4.321 1.570 161.240 38.996 2.210 226.930 44.532 
0 2.273 264.570 45.518 1.721 199.409 40.324 2.1*22 250.650 46.400 
9 3.426 429.138 44.376 2. lb 7 270.951 39.450 3.070 381.338 45.171 
ital 2, 726.05b 543.224 l,o60.234 477.152 2,616.190 547.324 
P3 
VjJ 
Table 45. Feed costs per cow activity unit 
Cow activity Cow activity B2 Cow r activity Cj_ 
Item 
Feed 
units 
Cost per 
unit, 1.1,. 
Cost, 
I.L. 
Feed 
units 
Cost per 
unit, I.JU 
Cost, 
• I .L. 
Feed 
units 
Cost, per 
unit, I.L. 
Cost, 
I.L. 
Forage crops 2,132 240.409 3,000 338.353 2,132 248.889 
Hay 568 .207 117.576 800 .207 165.600 568 .207 117.5/6 
Concentrates 2,700 .205 553.500 1,600 .205 328.000 2,700 .205 553.500 
Total 5, Loo 911.485 5,400 831.953 5,4UO 919.965 
Cow a ctivity 02 Cow activity F1 Cow activity F2 
Item 
Feed 
units 
Cost per 
unit, I.L. 
Cost, 
I .1-1. 
reed 
unit s 
Cost per 
unit, I.L 
Cost, 
. I.L. 
Feed 
units 
Cost per 
unit, I.L. 
Cost, 
I >L a 
Forage crops 3,000 350.288 2,134 255.987 3,004 360.278 
Hay 800 .207 165.600 568 .207 117.576 800 .207 165.600 
Concentrates 1,600 .205 326.000 2, 702 .250. 553.910 1,600 .205 328.000 
Total 5,400 643.000 5,4O4 927.473 5,404 8^3.878 
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Table 1*6. Capital costs per cow activity unit 
Capital Kate 
invested, of Cost, 
Item I.L. Nature of the cost interest I.L. 
Cow and heifer 2,300 Interest on 5 115.000 
owned capital 
Buildings, b Interest on 
7.650 (owned capital) • 153 owned capital 5 
Buildings, , 
17.850 (loaned capital) 357 Interest on loans 5 
Buildings, 
(loaned capital) 357 Principal payments 2.5° (W25 
Total ih9.425 
aIncluding opportunity costs in terms of interest on owaca capital. 
^Assuming 30 percent equity ratio on capital other thai: livestock. 
cAssuming that the loans will be paid within 1*0 years (like 
Settlement Budget loans) and that shorter loans will be renewed. 
Table It?. Direct depreciation costs per cow activity unit 
Capital Depreciation dépréciation 
Item invested, I.L. rate, ;'i cost, I..u. 
Barn building 300 3 ) 
Floor and stand 60 2 1.2 
Cattle fence bO 5 h 
Water installation 20 10 2 
Storage house enlargement 50 10 g 
Total 21.2 
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Table 1*8. Costs other than feed per cow activity anit 
Item 
Quantity, 
unit s 
Cost per 
unit, I.L. 
Cost, 
I.L. 
Straw, tons 1.250 
Insurance and medical expense 
Disinfectants 
Insemination 
Buildings1 depreciation 
Direct taxes 
Capital costs 
Miscellaneous 
Total 
35.000 43.750 
50.000 
5.000 
12.500 
21.200^ 
20.000 
1W.1;25^ 
25.000 
326.U75 
aSee Table 1(7, 
^See Table 46. 
Table 1*9. Output per cow activity unit 
Item 
Quantity, Price per Output value, 
units unit, 1.x,. I.u. 
Milk, liter 
Inventory appreciation 
Xanure, cubic meters 
Total 
3,650 
10 
0.250 ?12.500 
750.000 
do.000 
1,742.500 
%,000 liter less 350 liter for calf milk feeding. 
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Table 50. wet income per cow activity unit, I.L. 
Cow activity 
Item h b2 C1 C2 *ï f2 
Gross output 171*2.500 1712.500 m 2.500 1712.500 m 2.500 1712.500 
Costs other 
than feed 326.c75 326.0 75 326.675 326.375 326.0 75 3^.J75 
Feed costs 911. I'd 5 031.953 919.965 dJjl.-'uU )27.L73 053.570 
Total costs 123c.360 lip,:.J2 I2h6.ôh0 1170.763 12^.3^ j.IoO.753 
Net income 50I.IU0 5:3.672 W5.660 5fl.737 lidd.1^2 561.7^7 
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Table $1. Estimate of capital investment on the planned, dairy farm, 
I.L., 1957 prices 
Item Total 
General 
farm 
assets 
Specific 
dairy 
assets 
Capital 
per cow 
and heifer 
Buildings 
Dairy barn building 
Dairy barn floor 
and stands 
Cattle fence 
Cattle water installation 
Tin shed 
Enlargement of tin shed 
for hay and straw 
Concrete storage house 
2,1)70 
500 
66 0 
165 
7uû 
1)12 
1,^0 
760 
1,250 
2,1)70 
5oo 
650 
165 
1)12 
300 
60 
oO 
20 
pO 
Buildings total 6,237 2,030 4,207 510 
Irrigation equipment 1,550 1),550 
5 d. vineyard 1,500 1,500 
Horse drawn equipment 
and other tools 570 570 
Livestock 
Dairy cattle 
Horse or male 
16,950 
800 bOO 
lo,950 2,300 
Livestock, total 19,750 600 10,950 2,300 
Miscellaneous 250 250 
Total capital investment 32,657 23,157 9,700 2,610 
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Table 52. Capital costs of general farm assets on the dairy farm* 
General Borrowed Loan 
assets, capital, payments, 
Nature of cost I.L. I.L. I.-u. 
interest on loans 9,700 6,970 339.500 
2.5p loan - principal payments 9,700 6,970 169.750 
Total 509.230 
^Assuming 30 percent equity ratio. Interest on owned capital is 
not included in one costs. 
Table 53• Depreciation sosts of general farm assets or. tne dairy 
farm3, 
Item 
1957 
replacement 
value, I.!.. 
Depreciation 
rate, ^  
Depreciation 
cost, I.L. 
Total 
cost, 
l. J U .  
Buildings 
Tin shed 
Concrete storage 
house 
2
 
a
 
r— 
co 1—1 
8 
3 
62.1*00 
3Y.500 99.900 
Irrigation equipment 4,550 5-10 3l3.U00b 315.000 
Horse drawn equipment 
and other tools 570 10 57.000 57.000 
Horse or mule 800 10 80.000 80.000 
Miscellaneous 25o 10 25.000 25.000 
Total 576.900 
^Depreciation costs of dairy and vineyard activities are not in­
cluded. They are deducted from the incomes of these activities. 
bSum of several items with 5-10 percent depreciation rate. 
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Table 54. Labor requirements on tne dairy farm in summer months and 
per year 
Dunam T.otal Hours per period (months) 
Activity or number per year 6-7 8-9 10-11 
Forage crops 35.3 #0.5 71.8 96. j 178.9 
Dairy 0.24 3,361.9 560.4 560.4 560.4 
Fall tomatoes 1.0 272.0 12.0 60.0 104.0 
Fall carrots B 2.0 45o.o 5o.o 
Wheat 4.7 66.0 25.9 lb.8 
Vineyard 5.0 370.U 10.0 IjO.U 40.0 
Farmyard 300.0 50.0 50.0 pO.O 
Total 5,4oo.4 730.1 o96.7 1,002.1 
Table 55. Water requirements on tne 
per year 
dairy farm in summer montas and 
Area, Total c.m. Cubic meters per month 
Activity dunam per yeara 5 6 7 b 9 
Forage crops 35.3 15,027 l,3o9 1,240 1,J3/ 1,641 2,277 
Fall tomatoes 1.0 510 120 120 
Fall carrots B 2.0 720 
Wheat 4 . 7  589 
Vineyard 5.0 1,75U 25o 250 
Farmyard 1,004 100 100 100 100 100 
Total 20,400 1,739 i,34o. 1,68? 1, o6l 2,497 
^The total per year includes months other than May-September. 
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Table 5b. Feed requirements and supply, au a. the net income of 
fattening calves on the field crop farm 
Possibility A: Possibility S: 
Item k calves 3 calves 
Feed requirements and supply 
Requirements -
a 2,000 f.u. 'j,000 6,000 
Supply -
2,200 f.u. of forage crops on the 
reserve area less 1*00 f.u. for 
horse or mule 1,300 1,oOO 
9 d. unirrigated winter forage 
crops, a l!?0 f.u. 1,350 
~ } J J • 
By-proaucts from irrigated 
crops, f.u. 750 7i;0 
Concentrates, f.u. U,100 2,100 
Total supply 3,000 6,000 
Income 
u-ross income -
Cain in weight a 200 kg. a 3 I.L. 2,^00 l,cOC 
Costs -
1,800 f.u. from irrigated forage 
crops a 0.120a 216 216 
1,350 f.u. from unirrigated forage 
crops a 0.130 2h3 21+3 
Concentrates, f.u. a 0.205 81(0.500 1+30.500 
Straw ijg 35 
Miscellaneous 80 60 
Total costs I,lt2ln500 981+.500 
Net income 975.500 815.500 
aSee page 100, Table 16. 
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Table 57. Estimate of capital investment in the planned field crop 
farm, 1957 prices 
Item I.L. Total 
Buildings 
Concrete storage house 
Tin shed 
Livestock fence 
1,250 
7ti0 
250 2,2b0 
Irrigation equipment 4,550 4,550 
5 d. vineyard a 300 I.L. 1,500 1,500 
Horse drawn equipment and other tools 570 570 
Livestock 
Horse or male 
3 calves a 700 
BOO 
2,100 2,900 
Miscellaneous 250 250 
Total capital investment 12,050 
Table 5#. Depreciation costs of the field crop farm 
1927 
replacement 
Item value, I.L. 
Depreciation 
rate, ,o 
Depreciation 
COSt, I *ij . 
Total 
cost, 
I.L. 
Buildings 
Concrete storage 
house 1,230 
Tin shed 7o0 
Livestock fence 250 
C\
rO 
CNJ 
37.500 
62.1400 
5.000 104.900 
Irrigation equipment ' 4,550 5-10 315.000 315.000 
Horse drawn and 
other equipment 570 10 57.000 57.000 
Horse or mule 600 10 80.000 do.000 
Miscellaneous 2$0 10 25.000 25.000 
Total3, 581.900 
^Depreciation costs of the vineyard activity are not included. 
They are deducted from the income of this activity. 
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Table 59. Capital costs of the field crop farm 
Capital Loaned Loan 
assets, capital, payments, 
Nature of cost I.L. I.L. I.L. 
5/o interest on loans3, 12,050 ti,U35 421.750 
2.5* loan - principal payments 12,050 6,435 210.875 
Total 632.625 
^Assuming 30 percent equity ratio. The interest on owned capital 
is not included. 
Table 60. Labor requirements on the field crop farm in summer months 
and per year 
Activity Units 
Total hours 
per year8. 
Hours per period (months) 
5-6 7-0 9-10 
Cotton, d. c .69 1,025 20o 96 5o4 
Sugar beets, d. 5 600 195 55 55 
Fall tomatoes, d. l 272 36 60 
Industrial 
tomatoes, d. 2 460 80 20b 140 
Fail carrots, d. 2 412 50 102 
Calves, units 3 300 50 50 50 
Vineyard, d. 5 370 40 90 70 
Farmyard 300 JO 50 JO 
Total 3,739 623 635 1,031 
&The total per year includes months other than May-October. 
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Table 61. Water requirements on the field crop farm in summer months 
and per year 
Total 
Area, c.m.a Cubic meters per month 
Activity d. per year * 6 7 9 
Cotton 0.6} 6,952 435 1,304 x,564 1,564 069 
Sugar beets 5 3,275 650 150 30U 
Fall tomatoes i 5io 120 120 
Industrial tomatoes 2 1,600 240 2v0 320 320 240 
Fall carrots 2 d;o - - — — ido 240 
wheat 5 625 
Green manure 3 doo 
heserve 3 2,100 315 313 313 315 315 
Vineyard 5 i,75u 250 250 
Farmyard 1,000 100 100 100 100 100 
Total 19,502 1,990 2,149 2,349 2,599 2,14a 
aTne total per year includes months other than Kay-September. 
